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͢Δࡉ๔ͷछྨ͕ 1छྨͷ৔߹ʹ͸ൃੜͤͣ (ਤ 1D, E,G,H,K, L)ɼ̎छྨͷࡉ๔ूஂ͕ଘࡏ͢Δ






ද 1: ༷ʑͳϞσϧੜ෺Ͱ؍࡯͞ΕΔࡉ๔ڝ߹ͷྫ [2–17]
ੜ෺ มҟɾཁҼ
γϣ΢δϣ΢όΤ (ਤ 1L) Minute(ਤ 1A-C), scrib(ਤ 1H-J), lgl, mahjong, Ras, Src, dMyc, Rab5(ਤ 1H-K)
θϒϥϑΟογϡ(ਤ 1L, N) Src, Wnt/β-catenin
ᄡೕྨഓཆࡉ๔ (ਤ 1M,N) RasV12, mahjong, Tead, Yap
Ϛ΢ε (ਤ 1L,N) Myc,࿝Խ౓, COL17A1
4
ਤ 1: ࡉ๔ڝ߹ͷུ֓ਤɽਤʹ͓͍ͯਫ৭ͷؙ͸ਖ਼ৗࡉ๔ɼ྘৭ͷؙ͸มҟࡉ๔Λද͢ɽA-Cࡉ๔ڝ߹͕؍࡯

















Λ༠ಋͨ͠ঢ়گ (ਤ 1A)ɼഓཆܥʹ͓͍ͯ 2छྨͷࡉ๔Λڞഓཆͨ͠ঢ়گ (ਤ 1B)ɼࣗવͳੜମ಺
(ਤ 1C)ͷࡾͭͰ͋Δɽ·ͣ͸ɼࡉ๔ڝ߹͕࠷ॳʹൃݟ͞Εͨɼਓҝతʹ૊৫ʹมҟΛ༠ಋͨ͠ঢ়
گ (ਤ 1A)ʹ͍ͭͯड़΂Δɽ
ॳΊɼࡉ๔ڝ߹͸γϣ΢δϣ΢όΤͷܥͰMorataͱ RipollʹΑͬͯ 1975೥ʹใࠂ͞Εͨ [2]ɽ
൴Β͸γϣ΢δϣ΢όΤ (Drosophila)੒஬ᠯݪج1ʹ͓͍ͯMinuteมҟΛ༠ಋ͠ɼͦͷޙͷൃੜա
ఔΛ؍࡯ͨ͠ (ਤ 1D-F,ਤ 2)ɽMinuteมҟࡉ๔͸ϦϘιʔϜλϯύΫ࣭Λίʔυ͢ΔҨ఻ࢠͷػ
ೳΛܽଛͨ͠ࡉ๔Ͱ͋ΔɽMinuteมҟࡉ๔୯ಠͰߏ੒͞Εͨᠯݪج͸ਖ਼ৗࡉ๔ʹൺ΂૊৫ͷ੒௕
଎౓͕஗͍͕ɼਖ਼ৗͳαΠζͷ૊৫Λܗ੒͢Δ (ਤ 1B)ɽ͜ͷมҟΛ૊৫ͷҰ෦ʹ༠ಋ͠ܦաΛ؍








scribble (scrib)΍ lethal giant larvae (lgl)͕ܽଛͨ͠มҟࡉ๔͸ۃੑΛࣦ͏. ͜ΕΒͷมҟࡉ๔͸ࡉ





มҟࡉ๔ͷܥ͕ใࠂ͞Ε͍ͯΔ [6]ɽҰํͰɼजᙾݪੑͷҨ఻ࢠͰ͋Δ Ras΍ Src [7,8]ɼMyc [9]ͷ
1੒஬ᠯݪجͱ͸ɼγϣ΢δϣ΢όΤͷ༮஬ͷମ಺ʹ͋ΔɼকདྷᠯͱͳΔ૊৫Ͱ͋Δɽਤ 1Lʹ͓͚Δ࣢ܕͷ૊৫͕
͜Εʹ౰ͨΔɽ
2Reprinted from Developmental Biology, 42 /2, G.Morata and P. Ripoll, “Minutes: Mutants of Drosophila autonomously
affecting cell division rate”, 211-221, Copyright (1975), with permission from Elsevierɽ
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ਤ 4: ਖ਼ৗࡉ๔–Rab5มҟࡉ๔ܥͷ࣮ݧ݁Ռͷ֓೦ਤ [17]ɽ࣮ݧʹ͓͍ͯΫϩʔϯ͸γϣ΢δϣ
΢όΤ੒஬ᠯݪجʹ༠ಋ͞ΕͨɽAಋೖ͞Εͨมҟࡉ๔͕গͳ͍࣌ɼ૊৫ͷ੒௕ͱͱ΋ʹมҟ
ࡉ๔͸ۦஞ͞ΕΔɽBಋೖ͞Εͨมҟࡉ๔͕ଟ͍࣌ɼมҟࡉ๔ͷ਺͸૿Ճ͍ͯ͘͠ɽ
ʹΑͬͯใࠂ͞Εͨ (ਤ 4) [17]ɽ൴Β͸ΤϯυαΠτʔγεΛ੍ޚ͢ΔҨ఻ࢠͰ͋Δ Rab5มҟΛ
ϞβΠΫঢ়ʹਖ਼ৗ૊৫ʹ༠ಋ͢Δ࣮ݧΛߦͬͨɽRab5มҟࡉ๔͸ scribมҟࡉ๔΍ lglมҟࡉ๔ͱ
ಉ༷ʹजᙾݪੑͷࡉ๔Ͱ͋Γɼ୯ಠͰ૊৫Λߏ੒ͨ͠৔߹ɼਖ਼ৗ૊৫ΑΓ΋ڊେͳ૊৫Λܗ੒͢

























͑͹ɼݹయతͳϙϐϡϨʔγϣϯϞσϧͰ͋Δ Logisticํఔࣜ͸ҎԼͷࣜͰද͞ΕΔ [28, 29]:
dx
dt
















































































































௕Λهड़ͨ͠ Logisticํఔࣜ 1Ͱ͋Δɽ͜ͷࣜʹ͓͚Δ 1ݸମΛ 1ࡉ๔ʹஔ͖׵͑ͯߟ͑Δͱɼx
͸ࡉ๔਺Λද͠ɼࡉ๔਺͕গ਺ͷ࣌ɼࡉ๔ͷ૿৩཰͸ rͱͳΔɽ













͍ͯ͠Δ [28, 29]ɽ͜ͷ਺ཧϞσϧΛ༻͍Δ͜ͱͰɼ૊৫಺ʹ 2छྨͷࡉ๔ (ਖ਼ৗࡉ๔ Xͱมҟࡉ
๔ Y)͕ 1૚Ͱଘࡏ͢Δঢ়گʹ͍ͭͯߟ͑Δ͜ͱ͕Ͱ͖ΔɽͦΕͧΕͷࡉ๔ͷࡉ๔਺ͷಈଶ͸ҎԼ
1K Λे෼େ͖͘͢Δͱɼ਺ཧϞσϧ͸ K = ∞ͱఆੑతʹಉ͡ڍಈΛࣔ͢ɽ K = ∞Λຬͨ࣌͢ɼlogisticํఔࣜ͸Ϛ
ϧαεϞσϧͱͳΔ









= rx(1 − x + axyKx )x,
dy
dt
= ry(1 − y + ayxKy )y.
(2)
͜͜Ͱ xͱ y͸ࡉ๔छ Xͱ Yͷࡉ๔਺ΛͦΕͧΕද͢ɽύϥϝʔλ rxͱ ry͸ §2.1.2ͷ rͱಉ༷ʹɼ
ͦΕͧΕͷࡉ๔ͷॳظ૿৩཰Ͱ͋Δɽࣜ (2)ʹ͓͍ͯɼڞ௨ͷࢿݯΛࡉ๔छ Xͱ Y ͕ୣ͍߹͏ͨ




ࡉ๔छ Xͱ Y͸୯ಠͷछྨͷࡉ๔Ͱ૊৫Λߏ੒͢Δ࣌ɼͦΕͧΕ؀ڥऩ༰ྗ Kxͱ Ky·Ͱࡉ๔
਺͕૿Ճ͢Δɽ͕ͨͬͯ͠ɼKxͱ Ky͸ͦΕͧΕͷࡉ๔ज୯ಠͰ૊৫Λߏ੒͢Δ৔߹ͷ૊৫ͷ׬
੒αΠζͱߟ͑Δ͜ͱ͕Ͱ͖Δɽ
͜͜Ͱ͸ɼࡉ๔छ Xͱ Y ͕ڞʹଘࡏ͢Δঢ়گΛߟ͍͑ͯΔɽͦͷͨΊɼ૬खͷࡉ๔ʹର͢Δۭ
ؒͱ͍͏ڞ௨ͷࢿݯͷ 1ࡉ๔͋ͨΓͷ઎༗཰Λ axͱ ayΛ༻͍ͯද͢ɽྫ͑͹ ax > 1ͷ࣌ɼࡉ๔छ
Y ͸ࡉ๔छ Xʹൺ΂ͯେ͖͘ Kx಺ͷۭؒΛ઎༗͢Δ͜ͱʹͳΔɽݴ͍׵͑Δͱɼࡉ๔छ X͕ Kx
ͷେ͖͞ͷۭؒΛ 1ͷׂ߹Ͱ઎༗͢Δ࣌ɼࡉ๔छ Y ͸ axͷׂ߹Ͱ઎༗͍ͯ͘͠ɽྫ͑͹ࡉ๔छ X
ͷ 1ࡉ๔ͷେ͖͕͞ࡉ๔छ Y ͷ΋ͷΑΓେ͖͍࣌ɼࡉ๔छ X͸ Y ΑΓେ͖ͳۭؒΛ 1ࡉ๔͕઎༗
͢Δɽ͜ͷ͜ͱΛදͨ͢Ίʹ͸ ax < 1⇔ ay = 1/ax > 1ͱ͢Ε͹ྑ͍ɽ͜͜Ͱ͸ҎԼͷؔ܎ࣜΛ༻
͍͍ͯΔ:
axay = 1. (3)
ࣜ (2)Ͱ͸ɼ௨ৗ −dxx΍ −dyyͷܗͰॻ͔ΕΔΑ͏ͳ಺ࡏੑͷࡉ๔ࢮΛཅʹؚΜͰ͸͍ͳ͍ɽ͠
͔͠ɼ͜ΕΒΛߟྀͯ͠΋਺ཧϞσϧͷੑ࣭͸มԽ͠ͳ͍ͨΊ (Appendix §S2)ɼຊߘͰ͸ࣜ (2)Λ
جʹٞ࿦ΛਐΊΔɽ
2.1.4 Cell CompetitionϞσϧ









͕͋Δɽͦ͜ͰɼຊݚڀͰ͸ࣜ (2)ʹࡉ๔छ X-Y ؒͷ௚઀తͳ૬ޓ࡞༻Λಋೖͨ͠ɽ
௚઀తͳ૬ޓ࡞༻Λߟྀ͢Δʹ͋ͨΓɼ؆୯ͷͨΊຊݚڀͰ͸ೋ࣍ݩฏ໘্Ͱมҟࡉ๔ Y ͕ਖ਼













͸ −byyD/2ͱهड़͞ΕΔɽྫ͑͹ڥքͷܗ͕ਅԁͷ৔߹ɼD = 1ͱͳΓ (ਤ 6A)ɼࡉ๔ͷҠಈ౳ͷ
ӨڹͰڥքͷܗ͕ΑΓෳࡶͳ৔߹͸ 1 < D < 2ͱͳΔ (ਤ 6B)ɽҰํɼڥքʹਖ਼ৗࡉ๔͕े෼ଘࡏ
͠ͳ͍ঢ়گ΋ߟ͑ಘΔɽͦͷ৔߹ɼมҟࡉ๔ͷഉআ͸ڥքͷҰ෦ͰͷΈى͖ΔͨΊ 0 < D < 1ͱͳ









= rx(1 − x + axyKx )x,
dy
dt




͜͜Ͱɼࡉ๔छ X͸ࡉ๔छ Y Λे෼ʹғΉ͜ͱ͕Ͱ͖Δ΄Ͳଟ͍ඞཁ͕͋Δ (Appendix §S4)ɽ͠






ਤ 6: CCϞσϧ (ࣜ (4))ͷ֓೦ਤɽX͸ਖ਼ৗࡉ๔Λද͠ɼY ͸มҟࡉ๔Λද͢ɽR͸มҟࡉ๔ Y
͕઎ΊΔྖҬͷ൒ܘͰ͋ΔɽA͸ D = 1, B͸ 1 < D < 2, C͸ 0 < D < 1ͷঢ়گΛͦΕͧΕද͢ɽ
จݙ [32]ΑΓసࡌɽ
͕ͨͬͯɼ͜ͷ਺ཧϞσϧ͸ x ≫ 0ͷ৔߹ͷΈΛର৅ͱ͍ͯ͠Δ͜ͱʹ஫ҙ͕ඞཁͰ͋Δɽ





























ͱͳΓɼࣜͷੑ࣭͸มΘΒͳ͍ͨΊ (Appendix §S2)ɼຊݚڀͰ͸ࣜ (4)Λ༻͍ͨɽ
20




= (1 − x˜ − κy˜)x˜ ≡ f (x˜, y˜),
dy˜
dτ
= ρ(1 − y˜ − 1
κ






ද 2: ύϥϝʔλ৚݅ͱ CCϞσϧͷڍಈɽ
ύϥϝʔλ৚݅ ྫͱͳΔਤ ղͷऩଋ ܥͷ෼ྨɹ ׬੒૊৫αΠζɹ F ରԠ͢Δ࣮ݧܥͷྫ
κ = 1 β > 0 ਤ 7A, 8 S1 (a) ਖ਼ৗ 1 Minute [2]
β = 0 ਤ 7B, 9(Appendix) L (c) ਖ਼ৗ 0
κ < 1 β ≥ 0 ਤ 7C S1 (a) ਖ਼ৗ 1 Myc [19]
0 < β < βyc ਤ 7D, 10 S1 or Q2 (d) ਖ਼ৗ orաܗ੒ ࣜ (16) scrib [4], lgl [42]
κ > 1 β ≥ βyc ਤ 7E S1 (a) ਖ਼ৗ 1 Rab5 [17]







Πϯ͸ x˜-ψϧΫϥΠϯ f (x˜, y˜) = 0ͱ y˜-ψϧΫϥΠϯ g(x˜, y˜) = 0͕ଘࡏ͢Δɽ͜͜Ͱ x˜-ψϧΫϥΠ
ϯ f (x˜, y˜) = 0͸
x˜ = 0, (7)
x˜ + κy˜ = 1, (8)
6ͨͩ͠ɼఆٛ௨Γ 0 < D < 2ͷൣғͷΈΛߟྀͨ͠ɽ·ͨɼCCϞσϧ͸ x˜ > 0ΛԾఆ͍ͯ͠Δ͕ɼx˜͕ 0ʹ͍ۙྖ
ҬͰͷڍಈΛ೺Ѳ͢ΔͨΊʹղੳͰ͸ x˜ = 0ͷฏߧ఺ͷ҆ఆੑʹ͍ͭͯ΋ௐ΂ͨɽ
7ψϧΫϥΠϯͱ͸͋Δม਺ʹΑΔඍ෼͕ 0ͱͳΔ఺ͷू߹Ͱ͋Δɽྫ͑͹ɼࣜ (4)ʹ͓͚Δ xʹ͍ͭͯͷํఔࣜͷ
ψϧΫϥΠϯ͸ dx/dt = 0Λຬͨ͢ xͱ yͷू߹Ͱද͞ΕΔɽ
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ਤ 7: CCϞσϧͷ૬ฏ໘ਤɽͦΕͧΕͷ૬ฏ໘ਤ͕ݱΕΔύϥϝʔλ৚݅͸ද 2ʹ·ͱΊͨɽx˜-
ψϧΫϥΠϯ f (x, y) = 0ͱ y˜-ψϧΫϥΠϯ g(x, y) = 0͸ͦΕͧΕ੺ͱ੨ͷઢͰࣔͨ͠ɽ੨ͷ఺ઢ
͸มҟࡉ๔͕୯ಠͰ૊৫Λߏ੒͢Δ৔߹ͷ׬੒૊৫αΠζ (y˜+ 1/κx˜ = 1)Λද͍ͯ͠ΔɽS0(0, 0),
S1(1, 0), Q1(0, δ1), Q2(0, δ2), S2(xS 2 , yS 2 )͸ฏߧ఺Ͱ͋Γɼࠇؙ͕҆ఆฏߧ఺ɼനؙ͕ෆ҆ఆฏߧ
఺Λද͢ɽύϥϝʔλ͸ ρ = 1, D = 1ʹઃఆͨ͠ɽഉআ཰ βʹ͍ͭͯ͸ɼA, CͰ͸ β ≃ 0.0670ɼ
Bͱ FͰ͸ β = 0ɼDͰ͸ β ≃ 0.0612ɼEͰ͸ β ≃ 0.1837ͱͨ͠ɽ؀ڥऩ༰ྗ αxͱ αyʹ͍ͭͯ
͸ɼAͱ BͰ͸ κ = 1ɼCͰ͸ κ = 5/6(< 1)ɼD–FͰ͸ κ = 6/5(> 1)ͱͨ͠ɽจݙ [32]ΑΓվม
ͯ͠సࡌɽ
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y˜-ψϧΫϥΠϯ g(x˜, y˜) = 0͸ɼ
y˜ = 0, (9)
ρ(1 − y˜ − 1
κ
x˜)y˜1−D/2 − β = 0, (10)
Ͱ͋Δɽਤ 7಺ͷ੺ͱ੨ͷઢ͸ͦΕͧΕ x˜-ψϧΫϥΠϯͱ y˜-ψϧΫϥΠϯΛද͢ɽ͜͜Ͱɼx˜+κy˜ =
1↔ x + axy = Kx(ਤ 7಺ͷ੺͍ࣼΊͷ௚ઢ)͸ɼਖ਼ৗͳ૊৫αΠζʹରԠ͢Δ͜ͱʹ஫ҙ͕ඞཁͰ
͋Δɽฏߧ఺͸ x˜-ψϧΫϥΠϯͱ y˜-ψϧΫϥΠϯͷަ఺ʹҐஔ͢Δɽ૬ฏ໘ਤΛݟΔͱɼฏߧ఺
S0(0, 0), S1(1, 0), Q1(0, δ1), Q2(0, δ2)͕Ͳͷ৔߹Ͱ΋ڞ௨ʹଘࡏ͢Δ͜ͱ͕෼͔Δɽ͜ΕΒʹՃ͑
ͯਤ 7Dͷ৔߹ʹ͸ฏߧ఺ S2(x˜S 2 , y˜S 2 )͕ɼਤ 7Bͷ৔߹ʹ͸ฏߧ఺ͷू߹Ͱ͋Δ L(x˜L, y˜L)͕ଘࡏ
͢Δɽ
ਤ 7ΑΓɼCCϞσϧͷڍಈ͸େ͖࢛ͭ͘ͷ৔߹ʹ෼ྨͰ͖Δ͜ͱ͕෼͔Δɽ͢ͳΘͪɼa)ॳظ
஋ʹؔΘΒͣղ͕҆ఆฏߧ఺ S1ʹऩଋ͢Δ৔߹ (ਤ 7A, C, E)ɼb)ॳظ஋ʹؔΘΒͣղ͕҆ఆฏߧ
఺ Q2 ʹऩଋ͢Δ৔߹ (ਤ 7F)ɼc)ॳظ஋ʹؔΘΒͣղ͕ Lʹऩଋ͢Δ৔߹ (ਤ 7B)ɼd)ॳظ஋ʹ
Αͬͯղ͕ S1ͱQ2ͷͲͪΒʹऩଋ͢Δͷ͔ܾ·Δ৔߹ (ਤ 7D)ͷ࢛ͭͰ͋Δ (ද 2)ɽ͜ΕΒΛ෼
͚Δͷ͸ɼx˜-ψϧΫϥΠϯ (8)ͱ y˜-ψϧΫϥΠϯ (10)ͷҐஔؔ܎Ͱ͋Δɽy˜-ψϧΫϥΠϯ (10)͕ x˜-




ܾ·Δ (ද 2)ɽڥքʹ͓͚Δมҟࡉ๔ͷഉআ͕ଘࡏ͢Δ࣌ (β ! 0)ɼx˜-ψϧΫϥΠϯ (8)ͱ y˜-ψϧΫ
ϥΠϯ (10)ͷҐஔؔ܎͸ෆ҆ఆฏߧ఺ S2(x˜S 2 , y˜S 2 )͕ୈҰ৅ݶʹଘࡏ͢Δ͔൱͔Ͱ൑ผ͢Δ͜ͱ͕
Ͱ͖Δɽฏߧ఺ S2͸ x˜-ψϧΫϥΠϯ (8)ͱ y˜-ψϧΫϥΠϯ (10)ͷަ఺ͳͷͰҎԼͷΑ͏ʹٻΊΔ
͜ͱ͕Ͱ͖Δ:








ͨͩ͠ɼβ > 0͔ͭ κ > 1Ͱ͋Δɽ΋͠ɼࣜ (11)ʹ͓͍ͯ x˜S 2 > 0͔ͭ y˜S 2 > 0͕ຬͨ͞ΕΔͳΒ
͹ɼฏߧ఺ S2͸ୈҰ৅ݶʹଘࡏ͢Δ (ਤ 7D)ɽ͕ͨͬͯ͠ɼฏߧ఺ S2͕ୈҰ৅ݶʹଘࡏ͢Δ৚݅
͸ x˜S 2 > 0͔Βܭࢉ͢Δ͜ͱ͕Ͱ͖Δɽࣜ (11)ΑΓɼx˜S 2 > 0ͱͳΔͨΊʹ β͕ຬͨ͢΂͖৚݅͸
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ҎԼͷΑ͏ʹॻ͘͜ͱ͕Ͱ͖Δ:
β > ρ(1 − 1/κ)κ(2−D)/2. (12)
͕ͨͬͯ͠ɼฏߧ఺͕ଘࡏ͢Δ͔൱͔͕෼͔ΕΔᮢ஋ βyc͸ҎԼͷΑ͏ʹఆٛ͢Δ͜ͱ͕Ͱ͖Δ:
βyc ≡ ρ(1 − 1/κ)κ(2−D)/2. (13)
Ҏ্ΑΓɼβ͕ βycΑΓখ͍࣌͞ɼS2͕ୈҰ৅ݶʹଘࡏ͠ɼղ͸ॳظ஋ʹΑͬͯ S1ͱQ2ͷͲͪΒ
͔ʹऩଋ͢Δ (7D)ɽ͜͜Ͱॏཁͳͷ͕ɼࣜ (12)ͷ྆ลʹͦΕͧΕ β (= by/rxKD/2−1y )ͱ ρ (= ry/rx)
͕ଘࡏ͢Δ͜ͱͰ͋Δɽ͜ͷ࣌ɼrx͸྆ล͔Βফ͑ΔͨΊɼܥͷ෼ྨʹӨڹΛ͠ͳ͍ɽࣜ (11)Α
Γɼy˜S 2 ͔Β΋ಉ͘͡ rx͸ফ͑ΔͨΊɼฏߧ఺ S2ͷ࠲ඪʹ΋ rx͸Өڹ͠ͳ͍͜ͱ͕෼͔Δɽ
൓ରʹ β͕ βycΑΓେ͖͍࣌ɼS2͸ୈҰ৅ݶʹଘࡏ͠ͳ͍ (7E)ɽزԿతͳ഑ஔΑΓɼͦͷ࣌ɼy˜-
ψϧΫϥΠϯ (10)͸ x˜-ψϧΫϥΠϯ (8)ͷ׬શʹ಺ଆʹ͋Δ͜ͱ͕෼͔Δ (ਤ 7A, C, E)ɽ͕ͨͬ͠
ͯɼղ͸ॳظ஋ʹؔΘΒͣɼS1ʹऩଋ͢Δɽ
ڥքʹ͓͚Δมҟࡉ๔ͷഉআ͕ଘࡏ͠ͳ͍࣌ (β = 0)͸ɼΑΓ୯७ʹ κͷେ͖͞ʹΑͬͯψϧΫ
ϥΠϯ (8)ͱ (10)ͷҐஔؔ܎͕ܾ·Δɽͭ·Γɼκ < 1ͷ࣌͸ y˜-ψϧΫϥΠϯ (10)͕ x˜-ψϧΫϥΠ
ϯ (8)ͷ׬શʹ಺ଆʹɼκ > 1ͷ࣌͸ y˜-ψϧΫϥΠϯ (10)͕ x˜-ψϧΫϥΠϯ (8)ͷ׬શʹ֎ଆʹ (ਤ







ఔ౓͔มҟࡉ๔ͷํ͕ԼճΔܥ (κ ≤ 1)Ͱ͸ɼඞͣมҟࡉ๔͕૊৫͔Βۦஞ͞ΕΔ8(ਤ 7A, C)ɽҰ
ํɼजᙾݪੑͷมҟࡉ๔ͷΑ͏ͳ׬੒૊৫αΠζ͕େ͖͍ࡉ๔ͷܥ (κ > 1)ͷ৔߹ɼഉআ཰ͷେ͖
͕͞ॏཁͱͳͬͯ͘Δɽܥʹ͓͚Δഉআ཰͕ᮢ஋ βycΛ্ճΔܥ (β ≥ βyc)Ͱ͸ɼඞͣมҟࡉ๔͕
૊৫͔Βۦஞ͞ΕΔ (ਤ 7E)ɽ൓ରʹഉআ཰͕௿͍ܥ (β < βyc)Ͱ͸มҟࡉ๔͕ੜ͖࢒Γɼ൓ରʹ૊
8ਖ਼ৗࡉ๔ͷํ͕มҟࡉ๔ʹൺ΂ͯ׬੒૊৫αΠζ͕େ͖͍ܥ (κ < 1)ʹ͓͚Δࡉ๔ڝ߹͸ใࠂ͞Ε͍ͯͳ͍ɽಛघ
ͳέʔεͱͯ͠ɼ͜ͷ৚݅͸ࡉ๔छ X ͕ Mycมҟࡉ๔ɼࡉ๔छ Y ͕ਖ਼ৗࡉ๔Ͱ͋Δ࣮ݧܥʹରԠ͍ͯ͠Δͱߟ͑ΒΕ
ΔɽMyc͸ࡉ๔੒௕΍૿৩ɼࡉ๔पظʹؔ༩͍ͯ͠Δ؞ݪҨ఻ࢠͷҰͭͰ͋Δɽ͜ͷܥͷ৔߹ɼࡉ๔ڝ߹ʹΑͬͯ Myc









͜͜Ͱɼมҟࡉ๔͕૊৫Λ઎༗͢Δ࣌ʹ஫໨͢Δ (ਤ 7D, F)ɽ͜ΕΒͷܥ͸มҟࡉ๔ͷ׬੒૊৫
αΠζ͕େ͖͍ɼͭ·Γजᙾݪੑͷมҟࡉ๔ͷܥͰ͋Δɽ͜ͷ࣌ɼҰ෦ (ਤ 7D)·ͨ͸શͯ (ਤ 7F)




































ͱ͕஌ΒΕ͍ͯΔɽͦ ͷͨΊɼมҟࡉ๔͸ਖ਼ৗࡉ๔ʹൺ΂ͯ૿৩཰Λ௿͘ઃఆͨ͠ (rx > ry↔ ρ < 1)ɽ
·ͨɼ؀ڥऩ༰ྗ͸౳͘͠ઃఆͨ͠ (Kx = Ky↔ κ < 1)ɽ͜ͷύϥϝʔλઃఆ͸ਖ਼ৗࡉ๔–Minuteܥ
ͷΈͳΒͣɼ1)ͷਖ਼ৗࡉ๔ͷ૿৩཰͕มҟࡉ๔ΑΓߴ͍ܥશൠʹ౰ͯ͸·Γɼ§2.2.2ʹ͓͚Δ (a)
ͷܥͱͳΔઃఆͰ͋Δɽ
ਤ 8Aʹ CCϞσϧ (ࣜ (4))ͷ૬ฏ໘ਤΛࣔ͢ɽฏߧ఺ S0ͱQ1, Q2͸ෆ҆ఆฏߧ఺ɼฏߧ఺ S1
͸҆ఆฏߧ఺Ͱ͋Δ (Appendix §S5). ͕ͨͬͯ͠ɼਤ 8಺ͷ b΍ eͷيಓͰࣔͨ͠Α͏ʹ૬ฏ໘಺
ͷͲͷॳظ஋͔Βελʔτͯ͠΋ɼղͷ࠷ऴঢ়ଶ͸།Ұͷ҆ఆฏߧ఺Ͱ͋Δ S1ʹऩଋ͢Δɽฏߧ
఺ S1ͷ࠲ඪ͸ (Kx, 0)Ͱ͋Δɽ͢ͳΘͪɼ͜ͷܥʹ͓͍ͯมҟࡉ๔ͷॳظࡉ๔਺͕ͲͷΑ͏ͳ஋Ͱ
͋ͬͯ΋ɼ࠷ऴతʹ͸૊৫͔Βۦஞ͞Εਖ਼ৗࡉ๔ͷΈͰߏ੒͞Εͨਖ਼ৗͳαΠζͷ૊৫͕׬੒͢
Δ (ਤ 8Aɼ8B)ɽ͜ͷ݁Ռ͸ਖ਼ৗࡉ๔–MinuteܥΛ͸͡Ίͱͨ͠ 1)ͷܥͷ؍࡯ࣄ࣮Λઆ໌͍ͯ͠Δ
ͱߟ͑ΒΕΔɽ




(b)ͱ (e)͸ॳظ஋ (ΫϩεͰࣔͨ͠)ΛͦΕͧΕ (x0, y0)=(1000, 500)ͱ (2000, 2000)ͱͨ࣌͠ͷ
ղيಓΛද͍ͯ͠Δɽനؙ͸ෆ҆ఆฏߧ఺ɼࠇؙ͸҆ఆฏߧ఺Ͱ͋ΔɽB-DͦΕͧΕͷύϥϝʔ
λʹ͓͚Δॳظ஋Λ (x0, y0)=(1000, 500)ͱͨ࣌͠ͷղͷ࣌ؒൃలɽࠇͷઢͱഁઢ͸ͦΕͧΕਖ਼
ৗࡉ๔਺ xͱมҟࡉ๔਺ yΛද͠ɼ྘ͷઢ͸૊৫αΠζ x + axyΛද͍ͯ͠Δɽ੺ͷ௚ઢ͸ਖ਼ৗ
૊৫αΠζ KxͰ͋Δɽ͜͜Ͱ Bͱ CͰ͸ࠇͱ྘ͷઢͷେ෦෼͕ඃͬͯ͠·͍ͬͯΔ͜ͱʹ஫
ҙ͕ඞཁͰ͋Δɽύϥϝʔλ͸ (A–C) ry = 0.08, by = 2.0; (D) ry = 0.1, by = 2.0Ͱ͋Δ. ଞͷύϥ
ϝʔλ͸ rx = 0.1, ax = ay = 1, Kx = Ky = 30000, D = 1ʹݻఆͨ͠. γϛϡϨʔγϣϯ͸ɼશͯ 4
࣍ͷ Runge–Kutta๏ (ࠁΈ෯ 0.05)Ͱߦͬͨɽ
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Λܾఆ͢Δͱ͍͏ࡉ๔ڝ߹ͷݹయతԾઆ (§1.5)Λࢥ͍ग़͢ͱɼ૿৩཰ͷ͕ࠩ૊৫ͷӡ໋ʹ༩͑Δ
Өڹʹڵຯ͕࣋ͨΕΔɽͦ͜Ͱɼ૿৩཰ʹ͕ࠩͳ͍৔߹ (rx = ry ↔ ρ = 1)ʹ͍ͭͯ΋ղੳΛߦͬ



























ਤ 9: ڥքʹ͓͚Δഉআͷ཈੍ (by = 0)ɽશͯͷύϥϝʔλ͸ਤ 8Eʹઃఆͨ͠ɽA૬ฏ໘ਤɽي
ಓ (b)ͱ (c)͸ॳظ஋ΛͦΕͧΕ (x0, y0)=(1000, 500)ɼ(2000, 2000)ͱͨ࣌͠ͷղيಓΛද͍ͯ͠
ΔɽBॳظ஋Λ (x0, y0)=(1000, 500)ͱͨ࣌͠ͷղͷ࣌ؒൃలɽ
Λมҟࡉ๔͕઎Ίͳ͕Βɼਖ਼ৗࡉ๔ͱมҟࡉ๔͕૊৫಺Ͱڞଘ͢Δঢ়ଶ͕؍࡯͞ΕΔɽɹ
͜ͷܥʹ CCϞσϧΛద༻͢Δʹ͋ͨΓɼਖ਼ৗࡉ๔ͱมҟࡉ๔ͷ૿৩཰ʹࠩ͸ͳ͍ͱͨ͠ (rx =
ry(↔ ρ = 1))ɽ͜Ε͸࣮ݧʹ͓͍ͯजᙾݪੑͷมҟࡉ๔Ͱ͋Δजᙾ཈੍ػߏΛܽଛͨ͠ࡉ๔ͱਖ਼ৗ
ࡉ๔ͷ૿৩཰ʹ͸ݦஶͳ͕ࠩݟΒΕͳ͍͔ΒͰ͋Δɽಛʹ Rab5มҟࡉ๔͸ਖ਼ৗࡉ๔ͱ౳͍͠૿৩
཰Λ࣋ͭ͜ͱ͕ใࠂ͞Ε͍ͯΔ [17]ɽҰํɼ͜͏ͨ͠जᙾݪੑͷมҟࡉ๔͕ࢧ഑తͳ૊৫͸ਖ਼ৗͳ
૊৫αΠζΛҳ୤ͯ͠աܗ੒Λى͜͠ɼ΍͕ͯ͸जᙾΛܗ੒͢Δɽ͕ͨͬͯ͠ɼKx < Ky(↔ κ > 1)
ͱઃఆͨ͠ɽ্هͷύϥϝʔλઃఆ͸ §2.2.2ʹ͓͚Δ (d)ͷܥͱͳΔ΋ͷͰ͋Δɽ
CCϞσϧͷղੳ݁ՌΛਤ 10ʹࣔ͢ɽࡉ๔ڝ߹Λܦͨ૊৫ͷӡ໋͸มҟࡉ๔਺ yͷॳظ஋ʹґ
ଘ͢Δɽมҟࡉ๔਺ yͷॳظ஋͕े෼খ͍࣌͞ɼղ͸҆ఆฏߧ఺ S1(Kx, 0)΁ͱऩଋ͢Δ (ਤ 10A
಺ͷيಓ b)ɽ͜Ε͸มҟࡉ๔͸૊৫͔Β׬શʹۦஞ͞Εɼਖ਼ৗࡉ๔ XͷΈͰߏ੒͞ΕΔਖ਼ৗͳα
Πζͷ૊৫͕׬੒͢Δ͜ͱΛҙຯ͢Δ. ͜͏ͨ݁͠Ռ͸ࡉ๔ڝ߹ͷ࣮ݧܥʹ͓͍ͯ΋ใࠂ͞Ε͍ͯ





͓͍ͯ΋ಉ༷ͷ݁Ռ͕ಘΒΕͨ (ਤ 10A಺ͷيಓ cɼਤ 10C)ɽ͢ͳΘͪɼyͷॳظ஋͕ᮢ஋ΑΓେ
͖͍࣌ɼy͸ݮগ͢Δ͜ͱͳ͘૿ՃΛଓ͚Δɽ൓ରʹ x͸͋Δ͔࣌ΒݮগΛ࢝Ίɼ࠷ऴతʹղ͸҆
ఆฏߧ఺Q2΁ͱऩଋ͢Δɽ҆ఆฏߧ఺Q2Ͱ͸ y = Ky > KxͱͳΔͨΊɼ૊৫αΠζ͸ਖ਼ৗͳ΋
ͷΑΓେ͖͘ͳΔɽ͢ͳΘͪɼڥքͰͷഉআػߏ͕ଘࡏ͢Δʹ΋ؔΘΒͣɼࡉ๔छ Y ͕ա৒ʹ૿
৩͠ɼҟৗʹେ͖ͳ૊৫Λܗ੒ͯ͠͠·͏ͷͰ͋Δɽڵຯਂ͍͜ͱʹɼ૊৫αΠζ (x + axy)ͷ࣌








͜ͷܥ (Kx < Ky)ʹ͓͍ͯ΋ɼڥքͰͷഉআ͕૊৫ͷӡ໋ʹٴ΅͢Өڹʹ͍ͭͯௐ΂ΔͨΊʹɼ
ഉআ͕ଘࡏ͠ͳ͍৚݅ (by = 0↔ β = 0)ʹ͍ͭͯղੳΛߦͬͨɽͦͷ݁Ռɼ1)ͷܥͱ͸ҟͳΓɼx





ऴঢ়ଶͰ͑͞૊৫αΠζ (x + axy)͸ਖ਼ৗͳαΠζΛ্ճΓɼա৒ʹ੒௕ͨ͠૊৫͕ܗ੒͞Εͯ͠





ਤɽيಓ (b)ɼ(c)͸ॳظ஋ΛͦΕͧΕ (x0, y0)=(1000, 500)ͱ (2000, 1000)ͱͨ࣌͠ͷղيಓΛද
͍ͯ͠Δɽനؙ͸ෆ҆ఆฏߧ఺ɼࠇؙ͸҆ఆฏߧ఺Ͱ͋ΔɽB, Cيಓ (b)ͱ (c)ʹ͓͚ΔͦΕͧ
Εͷࡉ๔਺ͷ࣌ؒมԽɽ੺ͷ௚ઢ͸ਖ਼ৗ૊৫αΠζ Kxɼ੨ͷ௚ઢ͸มҟࡉ๔ yʹؔ͢Δ؀ڥऩ
༰ྗ KyͰ͋ΔɽA಺ͷղيಓ (b)্ͱ Cʹϓϩοτؙͨ͠͸ d(x + axy)/dt < ϵKxͱͳΔλΠϛ
ϯάΛද͍ͯ͠Δ ( ϵ = 10−5)ɽύϥϝʔλ͸ rx = ry = 0.1, ax = ay = 1, Kx = 30000, Ky = 40000,




૬ฏ໘ਤɽيಓ (b)ɼ(c)͸ॳظ஋ΛͦΕͧΕ (x0, y0)=(1000, 500)ͱ (2000, 1000)ͱͨ࣌͠ͷղي
ಓΛද͍ͯ͠Δɽനؙ͸ෆ҆ఆฏߧ఺ɼࠇؙ͸҆ఆฏߧ఺Ͱ͋Δɽͨͩ͠ɼೋͭͷيಓ͸΄ͱ
ΜͲॏͳͬͯ͠·͍ͬͯΔ͜ͱʹ஫ҙ͕ඞཁͰ͋ΔɽB, Cيಓ (b)ͱ (c)ʹ͓͚ΔͦΕͧΕͷࡉ











͢Δ͜ͱΛࢼΈͨɽࡉ๔छ XΛ૬खͷࡉ๔Λഉআ͢Δࡉ๔ (winner cell)ͱԾఆ͠ɼͦͷूஂదԠ
౓F ΛɼҎԼͷࣜͰఆྔతʹఆٛ͢Δ:





x˜ + κy˜ < 1, x˜ > 0,͔ͭy˜ > 0. (15)
ม਺ Nwin͸ॳظࡉ๔਺ͷ૊Έ߹Θͤͷ಺ɼࡉ๔छ X͕୯ಠͰ૊৫Λ࡞Δɼͭ·Γ͸มҟࡉ๔Λ׬
શʹۦஞͰ͖Δॳظࡉ๔਺ͷ૊Έ߹Θͤͷ਺Ͱ͋Δɽ
§2.2.2Ͱड़΂ͨΑ͏ʹɼCCϞσϧʹ͓͍ͯɼ૊৫ͷӡ໋͸ೋͭͷψϧΫϥΠϯ (ࣜ (8)ͱ (10))
ͷҐஔؔ܎ʹΑܾͬͯఆ͞ΕΔɽਤ 7Aɼ7Cɼ7EͷΑ͏ʹ y˜-ψϧΫϥΠϯ (10)͕׬શʹ x˜-ψϧΫ
ϥΠϯ (8)ͷ಺ଆʹ͋Δ࣌ɼͲΜͳॳظࡉ๔਺͔Βൃੜ͕࢝·ͬͯ΋ɼࡉ๔छ X͸୯ಠͰ૊৫Λܗ
੒͢Δ (ද 2(a))ɽ͕ͨͬͯ͠ɼࣜ (14)ͷఆٛͰ͸ਖ਼ৗࡉ๔ͷదԠ౓F = 1ͱͳΔɽҰํɼਤ 7Bɼ
7FͷΑ͏ʹ y˜-ψϧΫϥΠϯ (10)͕ x˜-ψϧΫϥΠϯ (8)ͱ׬શʹॏͳΔ͔ɼx˜-ψϧΫϥΠϯ (8)ͷ
֎ଆʹ͋Δ࣌ɼͲΜͳॳظࡉ๔਺͔Βൃੜ͕࢝·ͬͯ΋ࡉ๔छ X͸ࡉ๔छ Y Λઈ໓ͤ͞Δ͜ͱ͕
Ͱ͖ͳ͍ͨΊɼ୯ಠͰ૊৫Λܗ੒͢Δ͜ͱ΋Ͱ͖ͳ͍ (ද 2(b), (d))ɽ͕ͨͬͯ͠ɼࣜ (14)ͷఆٛ
Ͱ͸ਖ਼ৗࡉ๔ͷదԠ౓F = 0ͱͳΔɽਤ 7Dɼ10AͷΑ͏ʹ x˜-ψϧΫϥΠϯ (ࣜ (8)ͱ y˜-ψϧΫϥ
Πϯ (10))ͷަ఺Ͱ͋Δෆ҆ఆฏߧ఺ S2(xs2 , ys2 )͕ୈҰ৅ݶʹଘࡏ͢Δ࣌ (ද 2(c))ɼଞͷ৔߹ͱҟ
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ͳΓࡉ๔छ XͷదԠ౓F ͸Ұҙʹܾ·Βͳ͍ɽͦ͜ͰF ΛۙࣅతʹٻΊΔ͜ͱΛߟ͑Δɽͳ͓ɼ
͜͜Ͱฏߧ఺ S2͕ୈҰ৅ݶʹ͋Δ͜ͱ͔Βɼ৚݅ࣜ (12)͕ຬͨ͞Ε͍ͯΔɽ
§2.2.2Ͱड़΂ͨΑ͏ʹɼฏߧ఺ S2͕ୈҰ৅ݶʹ͋Δ࣌ (β > βyc)ɼ૊৫ͷӡ໋͸ xͱ yͷॳظ஋
ʹґଘ͢Δɽ೚ҙͷॳظ஋͔Βࡉ๔ڝ߹͕࢝·Δͱɼղ͸ͦΕͧΕ҆ఆฏߧ఺ S1͔Q2ʹऩଋ͢
ΔɽͦΕͧΕͷ҆ఆฏߧ఺ʹऩଋ͢ΔྖҬ͸֤҆ఆฏߧ఺ͷʮٵҾҬʯͱݺ͹ΕΔɽਤ 12Aʹೋ
ͭͷٵҾྖҬΛࣔ͢ɽ஡৭ͷؙϓϩοτͰຒΊΒΕͨྖҬ͸҆ఆฏߧ఺ S1 ͷٵҾҬ BS 1 Ͱ͋Γɼ
྘ͷࡾ֯ϓϩοτͰຒΊΒΕͨྖҬ͸҆ఆฏߧ఺Q2ͷٵҾҬ BQ2 Ͱ͋Δɽਤ 12AΑΓɼదԠ౓
F ͸A0ʹର͢ΔBS 1ͷׂ߹ͰܭࢉͰ͖Δ͜ͱ͕෼͔ΔɽೋͭͷٵҾҬΛ෼͚͍ͯΔۂઢ͸ʮηύ
ϥτϦΫεʯ(separatrix)ͱݺ͹ΕΔɽ͜ͷۂઢΛղੳతʹఆٛ͢Δࣄ͸೉͍͠ɽ͔͠͠ɼࡉ๔छ
Xͱ Y ͷ૿৩཰͕౳͍࣌͠ (ρ = 1)ɼ͜ͷۂઢ͸ฏߧ఺ S0ͱ S2Λ݁Ϳ௚ઢͰۙࣅ͢Δ͜ͱ͕Ͱ͖
ΔɽҰํɼ૿৩཰ʹ͕ࠩ͋Δ࣌ (ρ ! 1)ɼηύϥτϦΫε͸௚ઢ S0S2͔Βۇ͔ʹͣΕΔ (ਤ 28B)ɽ
Ҏ্ΑΓɼ৚݅ࣜ (12)͕ຬͨ͞ΕΔ࣌ (ද 2ͷ෼ྨ (d))ɼదԠ౓F ͸ҎԼͷࣜͰఆٛ͞ΕΔ:
F = (BS 1ͷ໘ੵ)/(A0ͷ໘ੵ),
= S1S2/S1R2,
= R1S1/S0S1,








͜͜Ͱ R1(xs2, 0)ͱ R2(0, 1/κ)ΛͦΕͧΕఆٛͨ͠ɽ
ਤ 12BʹF ͷ β΁ͷґଘੑΛࣔ͢ɽࡉ๔छ Xͱ Yͷ૿৩཰ʹ͕ࠩͳ͍࣌ (ρ = 1)ɼࣜ (16)ʹΑͬ
ͯࢉग़ͨۙ͠ࣅۂઢ͸γϛϡϨʔγϣϯʹΑͬͯಘͨ݁Ռ (ࠇͷؙϓϩοτ)ʹ͍ۙɽҰํɼ྆ࡉ








Ϩʔγϣϯͷ݁Ռ S1(Kx, 0)ͱ Q2ʹऩଋͨ͠ղͷॳظ஋ (x0, y0)ɽύϥϝʔλ͸ ρ = 1, κ = 6/5,
β ≃ 0.0612, D = 1ͱͨ͠ɽR1(xs2, 0)ͱ R2(0, Kx/ax͸ F ͷܭࢉͷͨΊʹఆٛͨ͠ɽB F ͷ by
΁ͷґଘੑɽࠇઢ͸ࣜ (16)Ͱఆٛ͞ΕΔF Λද͢ɽͨͩ͠ βy > βycͷ࣌ɼF = 1ͱͨ͠ɽͦΕ
ͧΕͷϓϩοτ͸ ρͷ஋Λมߋͨ͠ࡍͷγϛϡϨʔγϣϯ݁ՌΛද͢ɽഁઢ͸ॳظঢ়ଶʹؔΘ
Βͣਖ਼ৗࡉ๔ͷΈ͕୯ಠͰ૊৫Λܗ੒͢Δ (F = 1)ͷ͔ɼͦΕͱ΋มҟࡉ๔͕ա૿৩͢Δॳظ
ঢ়ଶ΋͋Δͷ͔ (F =ࣜ (16))ͷᮢ஋Ͱ͋Δɽ͜ͷᮢ஋͸ฏߧ఺ S2͕ୈҰ৅ݶʹଘࡏ͢Δ͔൱͔



















































































ͳ͍ͱ͍͏ԾఆͰ͋Δ (ax = ay = 1)ɽ͕ͨͬͯ͠ɼͲͪΒͷछྨͷࡉ๔΋ 1ࡉ๔͕઎ΊΔεϖʔε
͸౳͍͜͠ͱʹͳΔɽೋͭ໨͸ɼजᙾݪੑࡉ๔͕୯ಠͰ૊৫Λܗ੒ͨ͠৔߹ɼͦͷ૊৫͸ແ੍ݶ






rx(1 − x + yKx )x, x + y < Kx,
0, x + y ≥ Kx,
dy
dt
= ryy − byyD2 ,
(17)
͜͜ͰɼKy → ∞ͱͨ͜͠ͱʹΑΓɼyͷ͕ࣜมԽͨ͜͠ͱʹ஫ҙ͕ඞཁͰ͋ΔɽՃ͑ͯɼCCϞ
σϧͰ͸ͳ͔ͬͨ৚݅ࣜΛ xͷࣜʹಋೖͨ͠ɽCCϞσϧͰ͸ɼ૊৫αΠζ x + y͕ਖ਼ৗͳ׬੒૊
৫αΠζ KxΛ௒͑ͨ࣌ɼ߲ rx(1 − x + yKx )x͕ෛͱͳΔ͜ͱͰɼࡉ๔छ Y ͷա૿৩ʹΑΔѹྗ౳ʹ
ىҼ͢Δࡉ๔छ Xͷࡉ๔ࢮʹΑΔݮগ΋ߟྀ͍ͯͨ͠ɽ͔͠͠ɼ૊৫ͷൃੜաఔʹ͓͍ͯਖ਼ৗࡉ
๔ͷࡉ๔ࢮ͸มҟࡉ๔ʹൺ΂ͯ͸Δ͔ʹগͳ͍ [17]ɽͦ͜ͰຊষͰ͸ࡉ๔छ X͸ࡉ๔ࢮΛى͜͞
ͳ͍ͱͨ͠ɽ͢ͳΘͪɼ૊৫͕੒௕தͷ࣌ (x + y < Kx)ɼCCϞσϧͱࡉ๔छ X͸ಉ༷ͷ૿৩Λ͠
(dx/dt = rx(1 − x + yKx )x)ɼ૊৫αΠζ͕ਖ਼ৗαΠζΛ௒͑ͨ࣌ (x + y ≥ Kx)ɼࡉ๔छ Xͷ૿৩͸ࢭ
·Δͱͨ͠ (dx/dt = 0)ɽ
3.2.2 ୅ঈੑ૿৩Λߟྀͨ͠ࡉ๔ڝ߹Ϟσϧ (CDIPϞσϧ)
ࣜ (17) ʹ୅ঈੑ૿৩ͱࡉ๔ࢮͷޮՌΛཅʹಋೖ͢Δ͜ͱͰɼ୅ঈੑ૿৩ (Cell Death-Induced
Proliferation = CDIP)Λߟྀͨ͠ࡉ๔ڝ߹Ϟσϧ (CDIPϞσϧ)Λߏஙͨ͠ (ਤ 13)ɽ͜͜Ͱߟ͑Δ
΂͖ࡉ๔ࢮ͸ೋͭ͋ΔɽҰͭ͸ਖ਼ৗࡉ๔͕มҟࡉ๔ʹ༠ಋ͢Δࡉ๔ࢮͰ͋Γɼ͜Ε͸྆ࡉ๔ूஂ
ͷڥքͰൃੜ͢Δ (ਤ 13B)ɽͨͩ͠ɼ͜ͷࡉ๔ࢮʹؔ͢ΔޮՌ͸CCϞσϧ (ࣜ (17))ͷஈ֊Ͱطʹ
byyD/2ͱͯ͠ಋೖ͞Ε͍ͯΔɽҰํɼ΋͏Ұͭͷ಺ࡏੑͷࡉ๔ࢮ͸ࡉ๔छ Y ूஂͷ಺෦Ͱൃੜ͢
Δ (ਤ 13C)ɽ͜ΕΒͷݱ৅ʹΑͬͯࢮΜͩࡉ๔͸ɼपғͷࡉ๔छ X·ͨ͸ࡉ๔छ Y ͷ૿৩཰ͷ޲
্Λଅ͢ɽຊݚڀͰ͸ਤ 13BɼCͷΑ͏ʹɼෆ׆ੑԽঢ়ଶʹ͋Δࡉ๔छ X΍ Y ͷपғͰࡉ๔ࢮ͕
1Ky Λे෼ʹେ͖ͯ͘͠΋ఆੑతʹ͸ಉ݁͡Ռ͕ಘΒΕΔɽ͔͠͠ɼ਺ֶతͳղੳͷ؆୯ͷͨΊɼ͜͜Ͱ͸ Ky → ∞
ͱͨ͠ɽ
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ਤ 13: CDIPϞσϧͷ֓೦ਤɽA CCϞσϧͱಉ༷ʹࡉ๔छ Y͸ࡉ๔छ XʹपғΛғ·Ε͍ͯΔɽ
ࡉ๔ڝ߹ʹΑΔഉআ͸ɼ྆ࡉ๔ूஂͷڥքͰൃੜ͢ΔɽBࡉ๔ڝ߹ʹ༝དྷ͢Δࡉ๔छ Y ͷࡉ๔
ࢮ͸पғͷࡉ๔छ Xͱ Yͷ૿৩཰Λဏਐ͢ΔɽCࡉ๔छ Yͷ಺ࡏੑͷࡉ๔ࢮ͸पғͷ Yͷ૿৩
཰Λဏਐ͢Δɽจݙ [44]ΑΓసࡌɽ











rx(1 − x + yKx )(x − v) + rxv(1 −
x + y
Kx
)v, x + y < Kx,




= ry(y − u − w) + ryuu + ryww − dyy − byyD2 , (19)
du
dt










2 − dww, (22)
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͜͜Ͱ u (0 ≤ u ≤ y)ɼv (0 ≤ v ≤ x)ɼw (0 ≤ w ≤ y)͸ͦΕͦΕࡉ๔छ U, VɼW ͷࡉ๔਺Λද͕͢ɼ
͜ΕΒ͸ x·ͨ͸ yʹؚ·ΕΔࡉ๔਺Ͱ͋Δ͜ͱʹ஫ҙ͕ඞཁͰ͋Δɽͭ·Γɼࡉ๔छ Xͱ YͰෆ
׆ੑԽ͞Ε͍ͯΔࡉ๔ͷ਺͸ͦΕͧΕ x − vɼy − u −wͰද͞ΕΔɽࣜ (18)ͷӈลୈ 1߲͸ෆ׆ੑ
ঢ়ଶʹ͋Δࡉ๔छ Xͷ૿৩Λҙຯ͍ͯ͠Δɽରͯ͠ɼࣜ (18)ͷӈลୈ 2߲͸׆ੑঢ়ଶʹ͋Δਖ਼ৗ
ࡉ๔ V ͷ૿৩Λද͍ͯ͠Δɽࡉ๔छ V ͕୯ಠͰ૊৫Λܗ੒͢Δ࣌ɼͦͷ׬੒૊৫αΠζ͸ࡉ๔छ
Xͱಉ͡ Kxͱߟ͑Δͷ͕ଥ౰ͩΖ͏ɽ͔͠͠ɼͦͷ૿৩཰ rxv͸ࡉ๔छ XΑΓ΋ߴ͍ (rxv > rx)ɽ
Ҏ্ΑΓɼࡉ๔छ V ͷ૿৩Λ rxv(1 − x + yKx )vͰදͨ͠ɽ
ಉ༷ʹɼࣜ (19)ͷӈลୈ 1߲͸ෆ׆ੑঢ়ଶʹ͋Δࡉ๔छ Y ͷ૿৩Λද͍ͯ͠Δɽଓ͘ୈ 2߲ͱ
ୈ 3߲͸ͦΕͧΕ׆ੑԽࡉ๔UͱWͷ૿৩Λද͍ͯ͠Δɽ͜͜Ͱ ryu (> ry)ͱ ryw (> ry)͸ͦΕͧ
Εࡉ๔छ U ͱW ͷ૿৩཰Ͱ͋Δɽࣜ (19)ͷӈลୈ 4߲ dyy͸ࡉ๔छ Y ͷ಺ࡏੑͷࡉ๔ࢮΛද͠
͍ͯΔɽࡉ๔਺͕૿Ճ͢ΔͨΊʹ͸಺ࡏੑͷࡉ๔ࢮ͸ࡉ๔૿৩ΑΓ௿ස౓Ͱൃੜ͢Δඞཁ͕͋Δɽ
ͦͷͨΊɼࡉ๔ࢮ dy͸ dy < ryͷ৚݅Λຬͨ͢ɽ
ࣜ (20-22)ͷӈลୈ 1߲͸ɼͦΕͧΕͷ׆ੑԽࡉ๔ͷࡉ๔਺ͷ૿Ճ଎౓Ͱ͋Δɽͨͩ͠ɼ͜͜Ͱ
ߟ͍͑ͯΔ૿Ճ͸ࡉ๔෼྾ʹΑΔ΋ͷͰ͸ͳ͘ɼෆ׆ੑঢ়ଶʹ͋Δࡉ๔͕׆ੑԽ͢Δ͜ͱʹΑͬ
ͯੜ͡Δ͜ͱʹ஫ҙ͕ඞཁͰ͋Δɽ׆ੑԽࡉ๔ U, V , W ͷࡉ๔਺͸୯Ґ࣌ؒ౰ͨΓͷࡉ๔ࢮ͢Δ
ࡉ๔਺ (dyy·ͨ͸ byyD/2)ʹൺྫͯ͠ɼ૿৩཰ au(≥ 0), av(≥ 0), aw(≥ 0)ͰͦΕͧΕ૿Ճ͢Δɽࣜ
(20-22)ͷӈลୈ 2߲͸׆ੑԽࡉ๔ͷෆ׆ੑԽʹΑΔࡉ๔਺ݮগΛද͍ͯ͠Δɽ͜͜Ͱ׆ੑԽࡉ๔






؆୯ͷͨΊɼม਺ u, v, w͸ม਺ x, yʹൺ΂ɼे෼ʹૣ͘ఆৗঢ়ଶʹͳΔ͜ͱΛԾఆͨ͠ɽ͢ͳ
2ݫີʹ͸ɼύϥϝʔλ du, dv, dw ͷҙຯ͸׆ੑԽࡉ๔ͷ෼྾ϧʔϧʹΑͬͯมԽ͢Δɽ͢ͳΘͪɼ׆ੑԽࡉ๔͕ࡉ
๔෼྾ͨ࣌͠ɼ່ࡉ๔͕ 1)૒ํͱ΋׆ੑԽࡉ๔ʹͳΔͷ͔ɼ2)૒ํͱ΋ෆ׆ੑԽࡉ๔ʹͳΔͷ͔ɼ3)׆ੑԽࡉ๔ͱෆ
׆ੑԽࡉ๔ʹ෼྾͢Δͷ͔ʹΑͬͯɼࣜ (20-22)ͷୈೋ߲͕ද͍ͯ͠Δಈଶ͕มԽ͢ΔͷͰ͋Δɽ͔͠͠ɼͲͷ৔߹Ͱ
























͜ΕΒͷؔ܎ࣜ͸ɼ׆ੑԽࡉ๔ UɼVɼW ͷࡉ๔਺͕ࡉ๔छ Y ͷࡉ๔਺ʹରͯ͠ৗʹҰఆͷׂ߹












(1 − x + y
Kx
) x + y < Kx,









⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣1 − (ryw − ry)
aw
dw
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ byyD2 . (28)
͜͜Ͱؔ܎ࣜ ry > dyɼryu > ryΛࢥ͍ग़͢ͱɼࣜ (28)ͷӈลୈ 1߲͸ਖ਼ͷ஋ΛऔΔ͜ͱ͕෼͔Δɽ






⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣1 − (ryw − ry)
aw
dw
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ byyD2 < 0,




ͱॻ͘͜ͱͰ͖Δɽࣜ (28)ͷӈลͷୈ 1߲ͱୈ 2߲͸ͦΕͧΕࡉ๔छ Y શମͷࡉ๔਺ͷ૿ݮͱɼ












(x˜ + ρvv˜)(1 − x˜ − y˜), x˜ + y˜ < 1,
0, x˜ + y˜ ≥ 1,
dy˜
dτ





















͋Δɽ಺ࡏੑͷࡉ๔ࢮ཰͕૿৩཰Λ্ճΔͷࣗવͰ͸ͳ͍ͱ͍͏ແ࣍ݩԽલͷ৚݅ࣜ 0 < dy ≤ ry
͔Βɼ͜ͷύϥϝʔλͷఆٛҬ͸ 0 < α ≤ 1ͱͳΔɽ·ͨɼ׆ੑԽࡉ๔ͷ૿৩཰͸ෆ׆ੑԽࡉ
๔ʹൺ΂ͯߴ͍ͱߟ͑ΒΕΔ (ryu > ry)ɽ͕ͨͬͯ͠ɼryu/ry > 1ͱͳΔͨΊɼྫ͑͹ύϥϝʔλ
ρu = (ryu/ry) − 1 > 0ͱͳΔɽρv, ρwͷఆٛҬʹ͍ͭͯ΋ಉ༷ʹఆٛ͞ΕΔɽ
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ද 3: ແ࣍ݩԽͨ͠ CDIPϞσϧͷม਺ͱύϥϝʔλ
ม਺ɾύϥϝʔλ ఆٛҬ ҙຯ
x˜ = x/Kx ≥ 0 Xͷࡉ๔਺
y˜ = y/Kx ≥ 0 Y ͷࡉ๔਺
u˜ = u/Kx 0 ≤ u˜ ≤ y˜ Uͷࡉ๔਺
v˜ = v/Kx 0 ≤ v˜ ≤ x˜ V ͷࡉ๔਺
w˜ = w/Kx 0 ≤ w˜ ≤ y˜ W ͷࡉ๔਺
τ = ryt > 0 ୯Ґ࣌ؒ
α = dy/ry 0 < α ≤ 1 ಺ࡏੑͷࡉ๔ࢮ཰
βu = du/(aury) > 0 ࡉ๔छ U΁ͷ׆ੑԽɼ͓Αͼෆ׆ੑԽͷൺ
βv = dv/(avry) > 0 ࡉ๔छ V ΁ͷ׆ੑԽɼ͓Αͼෆ׆ੑԽͷൺ
βw = dw/(awry) > 0 ࡉ๔छW ΁ͷ׆ੑԽɼ͓Αͼෆ׆ੑԽͷൺ
δ = by/ryKD/2−1x > 0 ࡉ๔ڝ߹ʹΑΔഉআ཰
ρx = rx/ry > 0 ࡉ๔छ Xͱ Y ͷ૿৩཰ͷൺ
ρu = ryu/ry − 1 > 0 ࡉ๔ڝ߹ʹ༝དྷ͢Δ୅ঈੑ૿৩ʹΑΔ Y ͷ૿৩ဏਐ཰
ρv = rxv/rx − 1 > 0 ࡉ๔ࢮʹΑΔ Xͷ૿৩ဏਐ཰
ρw = ryw/ry − 1 > 0 ಺ࡏࢮʹ༝དྷ͢Δ୅ঈੑ૿৩ʹΑΔ Y ͷ૿৩ဏਐ཰
ζu = 1/au > 0 uͷಈଶͷ؇࿨࣌ؒ
ζv = 1/av > 0 vͷಈଶͷ؇࿨࣌ؒ














2 )(1 − x˜ − y˜), x˜ + y˜ < 1,















͜͜Ͱɼมҟࡉ๔ Y ͷա૿৩ͷ཈੍͕Մೳͳ৚݅ࣜ (29)͸ҎԼͷΑ͏ʹॻ͘͜ͱ͕Ͱ͖Δ:




ड़͢Δɽਤ 14͸ॖ໿ܕ CDIPϞσϧ (ࣜ (31))ͷ૬ฏ໘ਤͰ͋Δ (ৄࡉͳղੳ͸Appendix §S9ʹه
ͨ͠)ɽ
x˜ͱ y˜ͷψϧΫϥΠϯΛҎԼʹࣔ͢:








(x˜ ≤ 0), (33)
y˜ =
⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩
δ(1 − ρwβw )




≡ y˜S, or y˜ = 0, (34)
͜͜Ͱɼx˜-ψϧΫϥΠϯͰ͋Δ x˜ + y˜ = 1↔ x + y = Kx(ਤ 14಺ͷ੺ͷ௚ઢ)͸ɼਖ਼ৗͳ૊৫αΠζ
ʹରԠ͢Δɽࣜ 33ͷೋͭ໨ͷ x˜-ψϧΫϥΠϯ͸ x˜ ≤ 0ͷྖҬʹଘࡏ͠ɼੜ෺ֶతͳҙຯ͸࣋ͨͳ
͍͕ɼղͷڍಈΛ֓؍͢ΔͨΊʹࣔͨ͠ɽ
͜ͷ૬ฏ໘ਤʹ͸ৗʹฏߧ఺ S0(0, 0)ͱ S1(1, 0)͕ଘࡏ͢Δɽ͞Βʹɼ৚݅ࣜ (32)͕ຬͨ͞ΕΔ
࣌ɼͭ·Γɼมҟࡉ๔ Y ͷա૿৩͕཈੍͠ಘΔ࣌ɼฏߧ఺ S2(1 − y˜S, y˜S)ͱ S3(δρv/βvy˜D/2S , y˜S)͕৽
ͨʹ௥Ճ͞ΕΔɽ͜ͷฏߧ఺ S2͕ୈҰ৅ݶʹଘࡏ͢Δ৚݅ͱ৚݅ࣜ (32)Λ߹ΘͤΔ͜ͱͰɼҎԼ
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ਤ 14: ॖ໿ܕ CDIPϞσϧͷ୅දతͳ૬ฏ໘ਤɽനؙ͸ෆ҆ఆฏߧ఺ɼࠇؙ͸҆ఆฏߧ఺Ͱ͋
Δɽdx˜/dτ = 0ͱ dy˜/dτ = 0ψϧΫϥΠϯ͸੺ͱ੨ͷ௚ઢͰͦΕͧΕࣔͨ͠ (ͨͩ͠ɼୈೋ৅ݶ
ʹ͋Δ dx˜/dτ = 0ψϧΫϥΠϯ͸ഁઢͱͨ͠)ɽփ৭Ͱࣔͨ͠ྖҬ͸ୈೋ৅ݶ͓Αͼୈ࢛৅ݶͰ
͋Γɼ͜͜Ͱ͸ x˜ɼy˜͕ෛ஋ͱͳΔͨΊʹੜ෺ֶతʹ͸ҙຯΛ࣋ͨͳ͍ɽA͸৚݅ࣜ (35)ʹ͓͚
Δ (a)ͷ৔߹Λදͯ͠Δ (βw > ρw ͔ͭ y˜S < 1)ɽB͸৚݅ࣜ (35)ʹ͓͚Δ (b)ͷ৔߹Λදͯ͠Δ
(βw > ρw ͔ͭ y˜S ≥ 1)ɽC͸৚݅ࣜ (35)ʹ͓͚Δ (c)ͷ৔߹Λදͯ͠Δ (βw ≤ ρw)ɽύϥϝʔλ͸
ͦΕͧΕɼ(A) ρu = ρv = ρw = 1; (B) ρu = ρv = ρw = 5; (C) ρu = ρv = ρw = 0.07ͱͨ͠ɽͦͷଞͷ




(a) βw > ρw ∧ y˜S < 1 (ਤ 14A),
(b) βw > ρw ∧ y˜S ≥ 1 (ਤ 14B),
(c) βw ≤ ρw (ਤ 14C).
(35)
(a)ͷ৔߹͕ҙຯ͢Δঢ়گ͸ɼڥքʹ͓͚Δมҟࡉ๔ͷഉআ͸ڥքʹ͓͚Δ୅ঈੑ૿৩ʹΑΔม
ҟࡉ๔ͷ૿ՃΛ্ճ͍ͬͯΔ͕ (βw > ρw)ɼมҟࡉ๔શମͷ૿৩ΛԼճ͍ͬͯΔ (y˜S < 1)ͱ͍͏ঢ়
گͰ͋Δɽ͜ͷ৔߹ɼฏߧ఺ S2͸ୈҰ৅ݶʹଘࡏ͢Δ (ਤ 14A)ɽ͜͜ͰɼS0, S2, S3͸ෆ҆ఆฏߧ
఺ɼS1͸҆ఆฏߧ఺Ͱ͋Δ (Appendix §S9)ɽਤ 14AΛݟΔͱ෼͔ΔΑ͏ʹɼ (a)ͷ৔߹͸ηύϥ
τϦΫε R1S2͕ଘࡏ͢Δɽ͜ͷηύϥτϦΫε͸ y˜ = y˜SͰ͋ΔͨΊɼy˜ͷॳظ஋͕ y˜SΛԼճΔ
࣌ɼղ͸ S1ʹऩଋ͢Δɽ͢ͳΘͪɼ૊৫ʹੜͨ͡มҟࡉ๔ͷࡉ๔਺͕ྟքࡉ๔਺ y˜SΑΓখ͍͞
࣌ɼมҟࡉ๔ʹ୅ঈੑ૿৩͕ಇ͍͍ͯΔʹ΋ؔΘΒͣͦΕΒ͸શͯۦஞ͞Εɼਖ਼ৗͳ૊৫͕ܗ੒
͞ΕΔɽ͜ͷ࣌ɼ૊৫αΠζ͸ਖ਼ৗαΠζΛ্ճΔ͜ͱ͸ͳ͍ (x˜+ y˜ ≤ 1)ͨΊɼ૊৫ͷա੒௕͸๷
͕ΕΔɽҰํɼ૊৫ʹੜ·Εͨมҟࡉ๔ͷࡉ๔਺͕ y˜SΛ্ճΔ࣌ɼมҟࡉ๔͸ແݶʹ૿৩Λଓ͚
ͯजᙾΛܗ੒ͯ͠͠·͏ (y˜→ ∞)ɽ౰વ͜ͷ࣌ɼ૊৫αΠζ͸ਖ਼ৗαΠζΛ্ճΔ (x˜+ y˜ > 1)ɽม
ҟࡉ๔ͷॳظࡉ๔਺ʹ૊৫ͷӡ໋͕ґଘ͢Δͱ͍͏͜ͷ݁Ռ͸ɼCDIPϞσϧΛ༻͍ͨ਺஋γϛϡ





ҟࡉ๔ͷ૿Ճͱมҟࡉ๔શମͷ૿৩Λڞʹ্ճ͍ͬͯΔ (βw > ρw ∧ y˜S ≥ 1)ͱ͍͏ঢ়گͰ͋Δɽ͜
Ε͸ڥքʹ͓͚Δมҟࡉ๔ͷഉআ࡞༻͕ඇৗʹڧ͍͜ͱΛҙຯ͍ͯ͠Δɽ͕ͨͬͯ͠ɼͲΜͳॳ
ظࡉ๔਺ͷมҟࡉ๔ Y ͷूஂ΋࠷ऴతʹ׬શഉআ͞Εɼजᙾͷܗ੒͸๷͕ΕΔ͜ͱΛҙຯ͍ͯ͠
Δɽ਺ֶతʹ͸ෆ҆ఆฏߧ఺ S2͸ୈ 2৅ݶʹଘࡏ͢Δ (ਤ 14B)ɽ͕ͨͬͯ͠ɼୈ 1৅ݶʹ͓͚Δ
ղ͸ॳظ஋ʹؔ܎ͳ͘ৗʹ҆ఆฏߧ఺ S1ʹऩଋ͢ΔɽCCϞσϧͰ͸ਤ 7EͷΑ͏ͳ৔߹͕ରԠ͢
Δɽ͢ͳΘͪɼมҟࡉ๔ͷ׬੒૊৫αΠζͷํ͕ਖ਼ৗࡉ๔ͷ΋ͷ (ਖ਼ৗ૊৫)ΑΓ΋େ͖͍΋ͷͷɼ
ഉআ཰ β͕େ͖͍ͨΊɼฏߧ఺ S2͕ୈҰ৅ݶʹଘࡏ͠ͳ͍ܥͰ͋Δ (κ > 1͔ͭ β > βyc,ਤ 7E)ɽ
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(c)ͷ৔߹͕ҙຯ͢Δঢ়گ͸ɼڥքʹ͓͚Δมҟࡉ๔ͷഉআ͕ڥքʹ͓͚Δ୅ঈੑ૿৩ʹΑΔม
ҟࡉ๔ͷ૿ՃΛԼճ͍ͬͯΔ (βw > ρw)ͱ͍͏ঢ়گͰ͋Δɽ͜ͷύϥϝʔλઃఆͰ͸ഉআ࡞༻͕ऑ
͗͢ΔͨΊɼ΋͸΍ڥքʹ͓͍ͯ΋มҟࡉ๔͸૿͑ଓ͚Δͱ͍͏͜ͱΛҙຯ͍ͯ͠Δɽ͕ͨͬ͠
ͯɼͲΜͳॳظࡉ๔਺ͷมҟࡉ๔ Y ͷूஂ΋ա૿৩͠ɼजᙾΛܗ੒ͯ͠͠·͏ɽ਺ֶతʹ͸ฏߧ
఺ S0ͱ S1͕ڞʹෆ҆ఆͱͳΔ (ਤ 14C)ɽ͜ͷ࣌ɼ(b)ͷ৔߹ͱ൓ରʹղ͸ॳظ஋ʹؔ܎ͳ͘ແݶ
ʹൃࢄ͢ΔɽCCϞσϧͰ͸ਤ 7FͷΑ͏ͳ৔߹͕ରԠ͢Δɽ͢ͳΘͪɼมҟࡉ๔ͷ׬੒૊৫αΠ
ζͷํ͕ਖ਼ৗࡉ๔ͷ΋ͷ (ਖ਼ৗ૊৫)ΑΓ΋େ͖͘ɼഉআ཰ β͕ଘࡏ͠ͳ͍ܥͰ͋Δ (κx > κy ͔ͭ
























ਤ 15: CDIPϞσϧʹ͓͚Δࡉ๔਺ x˜ͱ y˜ͷ࣌ؒൃలɽࣜ (30)Λ༻͍ͯɼॳظࡉ๔਺ (x˜0, y˜0) =
(1/15, 1/300)(A, B)ͱ (x˜0, y˜0) = (1/15, 1/60) (C)͔Β࢝ΊͨγϛϡϨʔγϣϯʹ͓͚Δࡉ๔਺
ͷ࣌ؒมԽΛࣔͨ͠ɽࠇઢ͕ਖ਼ৗࡉ๔਺ (x˜)ɼ੨ઢ͕มҟࡉ๔਺ (y˜)ɼ྘ઢ͕૊৫αΠζ (x˜ + y˜)
ΛͦΕͧΕද͍ͯ͠Δɽ఺ઢ͸ਖ਼ৗͳ׬੒૊৫αΠζͰ͋Δɽύϥϝʔλ͸ α = 0.1, δ = 0.1,








ॖ໿ܕ CDIPϞσϧͷ৔߹ͱҟͳΓɼม਺͕ 5ͭ͋Δ CDIPϞσϧʹ͓͚ΔF ΛղੳతʹٻΊ
Δ͜ͱ͸ࠔ೉Ͱ͋ΔɽͦͷͨΊɼࣜ (30)Λ༻͍ͨγϛϡϨʔγϣϯʹΑΓ CDIPϞσϧʹ͓͚Δ
F ΛٻΊͨɽ۩ମతʹ͸ 0 < x˜ + y˜ < 1Λຬͨ͢ॳظ஋ͱ͢ΔγϛϡϨʔγϣϯʹΑΔղͷڍಈΛ
໢ཏతʹܭࢉ͠ɼ҆ఆฏߧ఺ S1ʹऩଋ͢Δׂ߹Λௐ΂ͨɽղੳ݁ՌΛਤ 16ʹ·ͱΊΔɽύϥϝʔ
λ ρu, ρv, ρw͸୅ঈੑ૿৩ʹΑΔࡉ๔छUɼVɼWͷ૿৩཰ͷဏਐ཰Λද͍ͯ͠Δɽਤ 16AɼC͸ɼ
มҟࡉ๔ʹର͢Δ୅ঈੑ૿৩ͷύϥϝʔλ ρu΍ ρw͕େ͖͘ͳΔʹͭΕͯɼF ͕ݮগ͢Δ͜ͱΛ
͍ࣔͯ͠Δɽ͕ͨͬͯ͠ɼมҟࡉ๔ʹର͢Δ୅ঈੑ૿৩ͷޮՌ (ρu, ρw)͕େ͖͍΄ͲɼΑΓগ਺ͷ
૊৫಺ʹൃੜͨ͠มҟࡉ๔Ͱ΋ੜ͖Ԇͼͯ͠·͏͜ͱ͕ࣔ͞ΕͨɽҰํɼਖ਼ৗࡉ๔ʹ͓͚Δ୅ঈ




CDIPϞσϧΛ༻͍ͨγϛϡϨʔγϣϯʹΑͬͯٻΊͨ ρu ͱF ͷؔ܎ (ਤ 16A಺ͷϓϩοτ)
ͱॖ໿ܕ CDIPϞσϧ͔ΒղੳతʹٻΊͨ ρuͱF ͷؔ܎ (ਤ 16A಺ͷۂઢ)ͷൺֱΛߟ͑Δɽ͢
ΔͱɼCDIPϞσϧͷ݁Ռ͸ॖ໿ܕ CDIPϞσϧΛ༻͍ͯྑۙ͘ࣅͰ͖͍ͯΔ͜ͱ͕෼͔Δɽಉ༷
ʹɼρvͱF ͷؔ܎ʹ͍ͭͯ΋ɼCDIPϞσϧͷ݁Ռ͸ॖ໿ܕ CDIPϞσϧΛ༻͍ͯྑۙ͘ࣅ͢Δ
͜ͱ͕Ͱ͖ͨ (ਤ 16B಺ͷϓϩοτͱࠇͷ௚ઢ)ɽҰํɼρwͱF ͷؔ܎ʹ͍ͭͯ͸্खۙ͘ࣅͰ
͖͍ͯͳ͍ྖҬ͕͋Δ͜ͱ͕෼͔Δ (ਤ 16C಺ͷϓϩοτͱࠇͷ ρw > 3ͷྖҬ)ɽڥքʹ͓͍ͯ
มҟࡉ๔ʹಇ͘୅ঈੑ૿৩ͷ૿৩ဏਐ཰͕े෼খ͍࣌͞ (ρw ≪ βw)ɼॖ໿ܕ CDIPϞσϧ͸ CDIP
ϞσϧΛྑۙ͘ࣅ͢Δɽ͔͠͠ɼύϥϝʔλ ρw͕େ͖͍࣌ɼ͜ͷۙࣅͷޡ͕ࠩେ͖͘ͳΔɽύϥ
ϝʔλ ρw͕େ͖͍ͱ͍͏͜ͱ͸ɼryw ≫ ryͱ͍͏͜ͱͰ͋Δɽ͜ͷ࣌ɼมҟࡉ๔ Yͷࣜ (19)͸߲
ryww͕ࢧ഑తʹͳΔɽ͕ͨͬͯ͠ɼຊདྷ͸ෆ׆ੑԽঢ়ଶͷࡉ๔छ Yͷࡉ๔਺ͱ v, wͷ߹ܭͰ͋Δ
͸ͣͷ y͸ɼy ≃ wͷঢ়ଶʹͳͬͯ͠·͏ɽ͢ͳΘͪɼڥքʹ͓͚Δ୅ঈੑ૿৩Ͱ׆ੑԽͨ͠ࡉ๔
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छW͕ࡉ๔छ Yूஂͷେ൒Λ઎ΊΔͷͰ͋Δɽ͜ͷۃ୺ͳঢ়گΛऔΓѻ͏ͨΊʹɼॖ໿ܕ CDIP’
ϞσϧΛߏஙͨ͠ɽॖ໿ܕ CDIP’Ϟσϧ͸ॖ໿ܕ CDIPϞσϧͱಉ͘͡ CDIPϞσϧ͔Βม਺Λ
ݮΒͨ͠਺ཧϞσϧͰ͋Δ͕ɼͦͷࡍʹࡉ๔छW͕ࡉ๔छ Yͷେ൒Λ઎ΊΔͱ͍͏৚݅Λ༻͍ͯ
͍ΔͨΊɼॖ໿ܕCDIPϞσϧͱ͸ҟͳΔܗͰද͞ΕΔ (ৄࡉ͸Appendix §S10Λࢀর)ɽ͜ͷॖ໿
ܕ CDIP’Ϟσϧ͔Βղੳతʹࢉग़ͨ͠F ͸ɼρw͕େ͖͍ྖҬʹ͓͚Δ CDIPϞσϧͷ݁ՌΛΑ
ۙ͘ࣅ͢Δ (ਤ 16C಺ͷϓϩοτͱΦϨϯδͷۂઢ)ɽ͞Βʹॖ໿ܕ CDIPϞσϧͱॖ໿ܕ CDIP’
ϞσϧͷͦΕͧΕ͔ΒٻΊͨ ρwͷؔ਺ͱͯ͠F ΛٻΊΔ͜ͱͰɼೋͭͷؔ਺ͷަ఺ͱͯ͠ᮢ஋









ͱ ρwͷͲͪΒ͕ΑΓF ʹӨڹΛ༩͑Δͷ͔͸ڵຯਂ͍໰୊Ͱ͋Δɽͦ͜Ͱॖ໿ܕ CDIPϞσϧ
Λ༻͍ͯ͜ͷ໰୊ʹղੳతʹऔΓ૊Μͩɽ
ࣜ (36)ΑΓɼF ͸ y˜S͕େ͖͘ͳΔʹͭΕͯ૿Ճ͢Δ (ਤ 17)ɽ͜͜Ͱɼࣜ (34)ʹ͓͚Δ y˜Sͷఆ







͜͜Ͱ y˜′S͸ y˜Sͷ୯ௐ૿Ճؔ਺ʹͳ͍ͬͯΔ (ͨͩ͠ 1 ≤ D < 2)ɽ͕ͨͬͯ͠ɼy˜SͷڍಈΛௐ΂Δ
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ਤ 16: F ͷ୅ঈੑ૿৩ʹΑΔ૿৩ဏਐ཰΁ͷґଘੑɽࠇͱΦϨϯδͷઢ͸ͦΕͧΕॖ໿ܕCDIP
Ϟσϧ (ࣜ (31))ͱॖ໿ܕ CDIP’Ϟσϧ (ࣜ (67))ΑΓղੳతʹٻΊͨF Ͱ͋Δɽനؙ͸ CDIPϞ
σϧΛ༻͍ͨγϛϡϨʔγϣϯʹΑΓࢉग़ͨ͠F Ͱ͋ΔɽCʹ͓͍ͯࣼઢͰࣔͨ͠ྖҬ͸෼ྨ
(35)ʹ͓͚Δ (a)ͷ৔߹ͷύϥϝʔλྖҬΛද͢ɽ୅ঈੑ૿৩ʹΑΔ૿৩ဏਐ཰Λද͢ύϥϝʔ
λ͸ͦΕͧΕɼ(A) ρv = ρw = 0; (B) ρu = ρw = 0; (C) ρu = ρv = 0ͱͨ͠ɽͦͷଞͷύϥϝʔλ͸
α = 0.1, δ = 0.1, βu = βv = βw = 3, ρx = 1, ζu = ζv/2 = ζw/2 = 1/6, D = 1ʹݻఆͨ͠ɽจݙ [44]
ΑΓసࡌɽ
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δ(1 − ρwβw )
1 − α(1 − ρuβu )
.









αδ(1 − ρwβw )














α(1 − ρwβw )

















Sw˜ < 1͕ຬͨ͞ΕΔ࣌ɼρw͸ΑΓ y˜
′
SΛݮগͤ͞ΔޮՌ͕͋Δɽຊ਺ཧϞσϧͰԾఆ͠






ͱ͍͏݁Ռ͕ใࠂ͞Ε͍ͯΔ [17]ɽ͜ͷ؍࡯݁Ռ͸ δ ≫ αΛҙຯ͍ͯ͠ΔɽͦΕͧΕͷࡉ๔ࢮʹ


























ਤ 18: ૊৫׬੒ʹඞཁͳ࣌ؒ τdevͷਖ਼ৗࡉ๔ʹಇ͘୅ঈੑ૿৩ͷύϥϝʔλ ρv΁ͷґଘੑɽCDIP
Ϟσϧʹ͓͍ͯɼτdev͸૊৫αΠζ x˜ + y˜͕ 0͔Β 0.95(=૊৫αΠζͷ 95%)ʹ౸ୡ͢Δͷʹཁ
ͨ࣌ؒ͠ͱͨ͠ɽؙɼࡾ֯ɼ࢛֯ͷϓϩοτ͸ͦΕͧΕॳظ஋ (x˜0, y˜0) = (2300/30000, 50/30000),
(x˜0, y˜0) = (2150/30000, 200/30000), (x˜0, y˜0) = (2000/30000, 350/30000)͔Β࢝Ίͨ৔߹ͷγϛϡ
Ϩʔγϣϯ݁ՌΛද͍ͯ͠Δɽࠇͷ௚ઢ͸มҟࡉ๔͕ଘࡏ͠ͳ͍৔߹ (((x˜0, y˜0) = (2350/30000, 0)))
ͷγϛϡϨʔγϣϯ݁ՌͰ͋Δɽॳظ஋ΛݟΔͱ෼͔ΔΑ͏ʹɼγϛϡϨʔγϣϯʹ͓͍ͯॳ
ظͷ૊৫αΠζ x˜ + y˜͸౳͘͠ઃఆͨ͠ɽύϥϝʔλ͸ α = 0.1, δ = 0.1, βu = βv/2 = βw/2 = 5/6,
























͍ͯ࣋ͬͯ͠Δͱͨ͠ɽՃ͑ͯɼཻࢠ i͸पғͷཻࢠ j͔Β෼ࢠؒྗʹࣅͨྗֶతͳ૬ޓ࡞༻ Hi j
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ਤ 19: ཻࢠϞσϧͷ֓೦ਤɽA ࡉ๔͸ཻࢠͰද͞ΕΔɽA ྗֶత૬ޓ࡞༻ؔ਺ Hi j. C ਖ਼ৗࡉ
๔ (྘)ͱมҟࡉ๔ (Ϛθϯμ)ͷॳظ഑ஔɽγϛϡϨʔγϣϯʹ͓͍ͯɼΏΒ͗ Ξi ͷڧ͞ɼ͢
ͳΘͪΨ΢ε෼෍ͷ෼ࢄ͸ 40ʹઃఆͨ͠ɽͦͷଞͷύϥϝʔλ͸ Rp = 20, η = 1, cp = 100000,
Rc = 2Rp = 40, k = 10, Ee = 2.5ͱͨ͠ɽจݙ [32]ΑΓసࡌɽ
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Hi j − ηVi. (38)
͜͜Ͱ Vi͸଎౓ɼη͸ཻࢠ iͷ఍߅܎਺Λද͍ͯ͠ΔɽຊݚڀͰ͸೪ੑࢧ഑ͷྖҬΛԾఆ͢Δ͜
ͱͰɼࣜ (38)ͷࠨลΛ 0ͱͨ͠ɽ
ཻࢠ iͱ jͷ૬ޓ࡞༻ؔ਺ Hi j͸ҎԼͷΑ͏ʹఆٛ͞ΕΔ:
Hi j(Ri j) = cp
⎛⎜⎜⎜⎜⎜⎜⎝ R2cR3i j − RcR2i j
⎞⎟⎟⎟⎟⎟⎟⎠ exp (Ri jRc
) X j − Xi
Ri j
.
͜͜Ͱ cp͸૬ޓ࡞༻܎਺Ͱ͋ΔɽҐஔϕΫτϧ Xi͸ཻࢠ iͷҐஔΛද͓ͯ͠Γɼཻࢠ iͱ jͷڑ
཭͸ Ri j = |X j − Xi|Ͱද͞ΕΔ (ਤ 19A)ɽ͜ͷ૬ޓ࡞༻͸ཻࢠؒͷڑ཭ Ri jͱᮢ஋ Rc (= 2Rp)ͷେ
খؔ܎ʹΑͬͯਅٯʹಇ͘ (ਤ 19B)ɽRi j < Rcͷ࣌ɼཻࢠʹ͸ޓ͍ΛҾ͖཭͢ํ޲ͷྗ͕ಇ͘ɽ͜
Ε͸ࡉ๔ಉ͕͖࢜ۙͮ͗͢Δͱɼ͓ޓ͍ʹ෺ཧతʹԡ͠ͷ͚߹͏ഉআମੵޮՌΛද͍ͯ͠ΔɽҰ








աఔͷҰஈ֊͸ɼ୯Ґεςοϓ͋ͨΓ Pd = λd∆τͷ֬཰Ͱਐߦ͢Δɽͨͩ͠ɼॳظʹԿஈ֊໨·Ͱ
ஈ֊͕ਐΜͰ͍Δ͔͸ɼ֤ࡉ๔͝ͱʹϥϯμϜʹܾఆͨ͠ɽγϛϡϨʔγϣϯʹ͓͍ͯࡉ๔෼྾
͸ɼ່ࡉ๔Λ฼ࡉ๔ͷपғʹϥϯμϜʹੜΈग़͢͜ͱͰදݱͨ͠ɽҰํɼมҟࡉ๔ͷഉআ͸Ұஈ
֊ͷϙΞιϯաఔͰදͨ͠ɽͦͷͨΊɼਖ਼ৗࡉ๔ʹྡ઀ͨ͠มҟࡉ๔͸୯Ґ࣌ؒ౰ͨΓ Pe = λe∆τ
ͷ֬཰Ͱফ໓͢Δɽ
1͜ͷؔ਺Ͱ΋ݫີʹ͸ඍখͳ૬ޓ࡞༻͕ແݶԕʹ·Ͱಇ͍ͯ͠·͏ɽͦ͜Ͱɼ2Ri j(ࡉ๔ೋͭ෼)Ҏ্ͷڑ཭ʹಇ͘
Hi j ͷେ͖͞Λ 0ͱͨ͠ɽ
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4.1.3 ϙϐϡϨʔγϣϯϞσϧͱཻࢠϞσϧͷύϥϝʔλΛରԠͤ͞Δ











r(1 − xK )
. (39)
§4.1.2Ͱड़΂ͨࡉ๔෼྾Ͱ͸ɼपظ T ͸Ξʔϥϯ෼෍ʹै͏2ɽ͕ͨͬͯ͠ɼT ͷฏۉ͸ k/λd ͱ
ͳΓɼ෼ࢄ͸ k/λ2dͱͳΔɽશͯͷࡉ๔ͷࡉ๔पظ͕౳͘͠ Toͷ࣌ (͢ͳΘͪɼT ͕ै͏෼෍ͷ෼
ࢄ͕ 0)ɼTo = k/λdͱͳΔɽ͜͜Ͱ To = k/λdͷؔ܎ࣜΛ༻͍Δͱ෼ࢄ͸ k/λ2d = T
2
o/kͱදͤΔͨ
Ίɼk → ∞ͱ͢Δ͜ͱͰɼࡉ๔ूஂͷࡉ๔पظͷ෼ࢄ͸ 0ͱͳΔɽ͕ͨͬͯ͠ɼk͕े෼ʹେ͖
͍࣌ɼࡉ๔पظ͸ࣜ (39)Ͱද͢͜ͱ͕Ͱ͖ΔɽҎ্ΑΓɼຊݚڀͰ͸ k͕े෼ʹେ͖͍ͱԾఆ͠ɼ
To = k/λdͱࣜ (39)Λ༻͍Δ͜ͱͰ3ɼਖ਼ৗࡉ๔ͱมҟࡉ๔ͷ૿৩཰ύϥϝʔλ λxͱ λy͸ҎԼͷ
Α͏ʹۙࣅͨ͠:
λx ≃ rxkloge 2
(




λy ≃ rykloge 2
(





͜ͷࣜ͸ࡉ๔෼྾ͷͨΊʹఆٛͨࣜ͠Ͱ͋Δ͕ɼ͜͜Ͱ λx, λy < 0ͷ࣌ɼ಺ࡏੑͷࡉ๔ࢮΛද͢͜
ͱ΋Ͱ͖Δɽ
ཻࢠϞσϧʹ͓͍ͯਖ਼ৗࡉ๔ूஂͱมҟࡉ๔ूஂͷڥքʹ͍Δมҟࡉ๔ͷ਺ Ne͸ɼൺྫ܎਺ αc
Λ༻͍͓͓ͯΑͦ Ne ∼ αcyD/2ͰܭࢉͰ͖Δ (Appendix §S4)ɽ͕ͨͬͯ͠ɼ୯Ґ࣌ؒ౰ͨΓʹڥք
Ͱഉআ͞ΕΔࡉ๔ͷ਺͸ൺྫఆ਺ λeΛ༻͍Δ͜ͱͰ λeNeͱද͢͜ͱ͕Ͱ͖Δɽͨͩ͠ɼਤ 19C
͔ΒಡΈऔΕΔΑ͏ʹɼ͍͔ͭ͘ͷਖ਼ৗࡉ๔͕Ұͭͷมҟࡉ๔ͱྡ઀͍ͯ͠Δ৔߹͕͋Δɽ͜ͷ
৔߹ɼഉআޮՌ͸ 2∼3ഒͱͳΔ (γϛϡϨʔγϣϯͰ͸͓͓Αͦͷ஋ͱͯ͠ Ee = 2.5ͱͨ͠)ɽҎ
2ଞஈ֊ϙΞιϯաఔͷ଴ͪ࣌ؒ͸ஈ֊਺ k ͱஈ֊ͷਐߦ֬཰ λd Λύϥϝʔλͱ͢ΔΨϯϚ෼෍ʹै͏ɽΨϯϚ෼
෍ͷύϥϝʔλ k͕੔਺ͷ࣌ɼΨϯϚ෼෍͸Ξʔϥϯ෼෍ͱҰக͢Δɽ






















͸͡Ίʹ 1)ਖ਼ৗࡉ๔ͷ૿৩཰͕มҟࡉ๔ΑΓߴ͍ܥʹ͍ͭͯղੳΛߦͬͨɽਤ 20ʹ CCϞσϧ
ͱཻࢠϞσϧͷύϥϝʔλͷ஋Λ߹ΘͤͨγϛϡϨʔγϣϯͷ݁ՌΛࣔ͢ɽਤΑΓɼॳظͷࡉ๔
਺͕͍͔ͳΔ஋Ͱ΋ɼղ͸ۇ͔ʹΏΒ͗ͳ͕Β҆ఆฏߧ఺ S1ʹऩଋ͢Δ͜ͱ͕෼͔Δ (ਤ 20A)ɽ
͜ͷ݁Ռ͸ɼۭؒ഑ஔ΍֬཰తͳΏΒ͗ͷӨڹΛड͚ͳ͕Β΋ɼࡉ๔਺ͷมԽʹཻ͍ͭͯࢠϞσ
ϧ͸ CCϞσϧͷ݁Ռ (ਤ 8)ͱఆੑతʹಉ༷ͳ݁ՌΛࣔ͢͜ͱΛ͍ࣔͯ͠Δ (ਤ 20B)ɽ







rx = 0.1, ry = 0.085, ax = ay = 1, Kx = Ky = 500, by = 0.05ͱͨ͠ɽAγϛϡϨʔγϣϯ͸ͦΕͧ
Εॳظ஋ (x0, y0)=(100, 300), (100, 200), (80, 100), (60, 40), (200, 40)͔Β࢝ΊɼCCϞσϧʹΑͬ
ͯඳըͨ͠૬ฏ໘ਤʹيಓΛॏͶॻ͖ͨ͠ɽഁઢ͸ڥքʹ͍Δมҟࡉ๔਺ N = xͱͳΔۂઢͰ
͋Δɽ͕ͨͬͯ͠ɼ͜ͷۂઢΑΓ y࣠دΓͷྖҬͰ͸ڥքͷมҟࡉ๔਺ N = αcyD/2Λਖ਼ৗࡉ๔
਺ x͕Լճ͍ͬͯΔͨΊɼਖ਼ৗࡉ๔ूஂ͕มҟࡉ๔ूஂΛ׬શʹғΉ͜ͱ͕Ͱ͖ͳ͍ (Appendix




Λ༻͍ͨγϛϡϨʔγϣϯɽAγϛϡϨʔγϣϯ͸ͦΕͧΕॳظ஋ (x0, y0)=(50, 100), (100, 50),
(100, 200), (300, 40), (100, 20)͔Β࢝ΊɼCCϞσϧʹΑͬͯඳըͨ͠૬ฏ໘ਤʹيಓΛॏͶॻ
͖ͨ͠ɽ(x0, y0)=(300, 40)ͱ (100, 20)͸҆ఆฏߧ఺ S1ʹऩଋ͠ɼͦͷଞʹؔͯ͠͸΋͏Ұͭͷ
҆ఆฏߧ఺Ͱ͋ΔQ2෇ۙʹऩଋ͍ͯ͠Δɽ࣮ࡍʹ͸ɼy͸Q2ΑΓ΍΍্ʹऩଋ͍ͯ͠ΔɽB,
Cॳظ஋ (x0, y0)=(100, 20)ͱ (100, 50)͔Β࢝ΊͨγϛϡϨʔγϣϯʹ͓͚Δࡉ๔਺ͷ࣌ؒൃలɽ
จݙ [32]ΑΓసࡌɽ
ଋ͍ͯ͠Δ͜ͱ͕෼͔Δ (ਤ 21A)ɽ͜ͷࣄ͸ɼมҟࡉ๔͕গ਺ͷ৔߹͸૊৫͔ΒഉআͰ͖Δ͕ (ਤ
21B)ɼଟ਺ͷ৔߹͸ա૿৩͠ɼजᙾΛܗ੒͢ΔࣄΛҙຯ͍ͯ͠Δ (ਤ 21C)ɽ͕ͨͬͯ͠ɼ1)ͷܥ




ͯ CDIPϞσϧͷ݁Ռ (ਤ 14, 15)ͱಉ༷ͷ݁Ռ͕ಘΒΕΔͷ͔Λௐࠪͨ͠ (ਤ 22B-D)ɽਤ 22Bʹ
CDIPϞσϧͱཻࢠϞσϧͷύϥϝʔλͷ஋Λ߹ΘͤͨγϛϡϨʔγϣϯͷ݁ՌΛ·ͱΊͨ΋ͷΛ
ࣔ͢ɽਤΑΓɼղͷڍಈ͕ॳظ஋ґଘੑͷڍಈΛ͍ࣔͯ͠Δ͜ͱ͕෼͔Δɽ͢ͳΘͪɼॳظͷม
ҟࡉ๔਺͕গͳ͍৔߹ʹ͸ͦΕΒ͸׬શʹഉআ͞Ε (ਤ 22B಺ͷيಓ cɼਤ 22C)ɼॳظͷมҟࡉ


































͍ͯ͠ΔɽBγϛϡϨʔγϣϯ͸ͦΕͧΕॳظ஋ (x0, y0)=(100, 50), (200, 20)͔Β࢝ΊɼCDIP-2
ϞσϧʹΑͬͯඳըͨ͠૬ฏ໘ਤʹيಓΛॏͶॻ͖ͨ͠ɽC, D ॳظ஋ (x0, y0)=(100, 50)(c)ͱ
(200, 20)(d)͔Β࢝ΊͨγϛϡϨʔγϣϯʹ͓͚Δࡉ๔਺ͷ࣌ؒൃలɽEมҟࡉ๔ʹಇ͘୅ঈੑ
૿৩ͷύϥϝʔλ ρwͷࡉ๔਺ͷಈଶ΁ͷӨڹɽ֤يಓ͸֤ ρwʹ͓͚Δมҟࡉ๔਺ͷ࣌ؒൃల
ͷ༷ࢠΛ͍ࣔͯ͠Δɽॳظ஋͸ (x0, y0) = (200, 20)ʹݻఆ͠ɼρwΛ 1 (ԫ྘), 1.5 (੺), 2 (੨), 2.5
(྘), 3 (ࢵ)ʹઃఆͯ͠γϛϡϨʔγϣϯΛߦͬͨɽͦͷଞͷύϥϝʔλ͸α = 0.1, δ = 1.0, ρx = 1,






















































































ड़΂ͨ Mycมҟࡉ๔ͷܥ (ਤ 1G-J)Ͱ͸ɼจԽͷ֦ࢄͷྫͱಉ༷ʹϚδϣϦςΟूஂͷதʹݱΕͨϚΠϊϦςΟूஂ͕
ϚδϣϦςΟूஂΛۦஞ͠ɼ֦େ͍ͯ͘͠ɽ͕ͨͬͯ͠ɼMycมҟࡉ๔ͷܥͷͨΊʹมܗͨ͠ CCϞσϧ (ࣜ (54))Λ༻
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= rx − Dfun, (41)
͜͜Ͱɼx͸ࡉ๔ͷ਺ɺr͸૿৩཰ɼDfun ͸ࡉ๔ࢮʹΑΔ xͷݮগΛදؔ͢਺Ͱ͋Δɽࡉ๔ࢮؔ
਺ Dfun ʹ͍ͭͯɼ୯७ͳܗͱͯ͠͸ Dfun = dn ΍ Dfun = drx (dr < r)ͱ͢Δ͜ͱ͕ߟ͑ΒΕΔɽ
Dfun = dnͷ࣌ɼ୯Ґ࣌ؒ͋ͨΓҰఆ਺ dnͷ਺ͷࡉ๔͕ࡉ๔ࢮΛى͜͢ɽҰํɼDfun = drxͷ࣌ɼ
ࡉ๔͸୯Ґ࣌ؒ͋ͨΓ drͷׂ߹Ͱࡉ๔ࢮΛى͜͢ɽ͔͠͠ɼ͜ΕΒͷ৔߹ɼࣜ (41)͸҆ఆͳฏߧ






ʹ͸ͦΕͧΕͷࡉ๔਺ xͱ yʹൺྫͨ͠ݮগΛද͢ −dxxͱ −dyyؚ͕·Ε͍ͯͳ͔ͬͨɽ͜͜Ͱ




= rx(1 − x + axyKx )x − dxx,
dy
dt
= ry(1 − y + ayxKy )y − dyy.
(42)
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ਤ 23: ࣜ (41)ͷ૬ฏ໘ਤɽനؙ͸ෆ҆ఆฏߧΛද͢ɽA Dfun = dnͷ૬ฏ໘ਤɽB Dfun = drxͷ




= (rx − dx)(1 − x + axyKx(1 − dx/rx) )x = r
′
x(1 − x + axyK′x )x,
dy
dt







͜͜Ͱ r′x = rx − dx, r′y = ry − dy, K′x = Kx(1 − dx/rx), K′y = Ky(1 − dy/ry)Ͱ͋Δɽม਺ r′xͱ r′y͸ࡉ๔
ࢮ཰ʹΑͬͯิਖ਼͞Εͨ૿৩཰ΛɼK′xͱ K′y͸ࡉ๔ࢮ཰ʹΑͬͯิਖ਼͞Εͨ؀ڥऩ༰ྗΛͦΕͧ













ࣜ (44)͸ݩʑͷ CCϞσϧ (ࣜ (4))ͱಉ͡ܗΛ͍ͯ͠Δ͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼࡉ๔ڝ߹ͷ݁
Ռ͸ K′xͱ K′yͷൺͱ byʹΑܾͬͯఆ͞ΕΔɽ͜͜Ͱ K′x͓Αͼ K′yʹ͸૿৩཰ rxͱ ryؚ͕·Εͯ
͍Δ͜ͱΛࢥ͍ग़͢ͱɼҰݟɼࡉ๔ڝ߹ͷ݁Ռʹࡉ๔ؒͷ૿৩଎౓ͷ͕ࠩӨڹ͍ͯ͠ΔΑ͏ʹΈ
͑Δɽ͔͠͠ɼຊݚڀʹ͓͍ͯ K′xͱ K′y͸׬੒૊৫αΠζ (૊৫׬੒࣌ͷࡉ๔਺)ΑΓܾఆ͞ΕΔɽ
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= r{1 − ( x
K
)θ}x, (45)













= ry(1 − y + ayxKy )y − byx. (46)






y ͸ͦΕͧΕͷࡉ๔ͷ׬੒૊৫αΠζʹͷΈӨڹΛड͚ͯେখؔ܎͕มԽ͠ɼ૿৩཰ rx ΍ ry ʹΑͬͯେখؔ܎
͸มԽ͠ͳ͍ɽ
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ਤ 24: γϣ΢δϣ΢όΤ੒஬ᠯݪجʹ͓͚Δࡉ๔਺ͷ૿Ճɽࠇؙͷσʔλ͸ [3]ͷ΋ͷΛɼനؙ
ͷσʔλ͸ [4]ͷ΋ͷΛͦΕͧΕ༻͍ͨɽۂઢ͸ඇઢܗճؼΛ༻͍ͯσʔλ͔ΒύϥϝʔλΛਪ
ఆͨ͠ LogisticํఔࣜͰ͋Δɽύϥϝʔλ͸ x(t = 0) = 0.585, r = 0.113, K = 4.35 × 104Ͱ͋Δɽ
จݙ [32]ΑΓվมͯ͠సࡌɽ










ྫ͑͹ɼڥքͷܗ͕ਅԁͷ࣌ (D = 1)ɼ͓͓Αͦ α = 3.31ͱͳΔ [5]ɽ
ୈ 2ষʹ͓͍ͯɼ؀ڥऩ༰ྗ Kxͱ Ky͸ 30000–40000ͷൣғͰઃఆͨ͠ɽ͜ͷ࣌ɼ৚݅ࣜ (47)




ਤ 25: ࡉ๔ Xͷ਺͕গ਺ͷ࣌ɽจݙ [32]ΑΓసࡌɽ
S5 CCϞσϧͷ҆ఆੑղੳ
S5.1 ฏߧ఺ͷ༗ແ
֤ฏߧ఺ʹ͍ͭͯ҆ఆੑղੳΛߦ͏લʹɺ·ͣQ1ͱQ2ͷ y˜ͷ஋ δ1ͱ δ2ʹ͍͓͓ͭͯΑͦͷ
࠲ඪΛࢉग़ͨ͠ɽͦ͜Ͱࣜ (10)ʹ x˜ = 0Λ୅ೖ͢Δ͜ͱͰɼ
0 = ρ(1 − y˜)y˜1−D/2 − β ≡ h(y˜), (48)
ΛखʹೖΕͨɽฏߧ఺Q1ͱQ2͕ଘࡏ͢ΔͨΊʹ͸ɼࣜ (48)ͷղ͕ೋͭͳͯ͘͸ͳΒͳ͍ (ਤ 26)ɽ










্ࣜΑΓɼh(y˜)ͷ࠷େ஋ y˜m͸ y = (2 − D)/(4 − D) ≡ y˜mͱ෼͔Δɽ͕ͨͬͯ͠ɼh(y˜m) > 0ͷ࣌ʹ
Q1ͱQ2͕ଘࡏ͢Δɽ͜͜Ͱ h(y˜m) > 0ͱͳΔ৚݅͸ҎԼͷΑ͏ʹॻ͘͜ͱ͕Ͱ͖Δ:





Ҏ্ͷ͜ͱ͔Βɼδ1ͱ δ2ͷ஋͸ͦΕͧΕҎԼͷ৚݅Λຬͨ͢ (ਤ 26):
0 < δ1 < y˜m, (50)
y˜m < δ2 < 1. (51)
ͦͷଞͷฏߧ఺ʹؔͯ͠ɼψϧΫϥΠϯ (ࣜ (8))ͱψϧΫϥΠϯ (ࣜ (10))ͷަ఺ S2͸ຊจͷࣜ
(11)Ͱఆٛ͞ΕΔɽLʹؔͯ͠͸ޙʹৄࡉʹड़΂Δɽ
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1 − 2x˜ − κy˜ −κx˜


















JS0 ͷݻ༗஋ λ1,2͸ λ1,2 = 1, ρ > 0ͱͳΔͨΊɼS0͸ෆ҆ఆฏߧ఺ͱͳΔ (ਤ 7Bɼ7F)ɽ
β > 0ͷ࣌ɼࣜ (52)ͷ gy˜͸ఆٛ͢Δ͜ͱ͕Ͱ͖ͳ͍ɽ͜Ε͸D/2−1 < 0Ͱ͋ΔͨΊʹɼ߲ y˜D/2−1
͕ఆٛ͢Δ͜ͱ͕Ͱ͖ͳ͍͜ͱ͕ݪҼͰ͋Δɽͦ͜Ͱɼฏߧ఺ S0ͷۙ๣ʹ͋Δ఺ S′0 (0, ϵ)Λఆٛ




1 − κϵ 0






λ1 = 1 − κ,
λ2 = ρ(1 − 2ϵ) − βD2 ϵ
D/2−1.
ϵ → 0ͷ࣌ɼλ1 → rx > 0 ͔ͭ λ2 → −∞ < 0ͱͳΔɽ͕ͨͬͯ͠ɼS0 ͸αυϧͱͳΔ (ਤ 7Aɼ
7C–7E)ɽ
S1(1, 0)ͷ҆ఆੑ








λ1 = −1 < 0,
λ2 = ρ(1 − 1/κ).
κ > 1ͷ࣌ɼλ2 > 0ͱͳΔͨΊɼS1͸αυϧͱͳΔ (ਤ 7F)ɽҰํɼκ < 1ͷ࣌ɼλ2 < 0ͱͳΔͨΊɼ
S1͸҆ఆฏߧ఺ͱͳΔɽκ = 1ͷ࣌ɼλ2 = 0ͱͳΔɽ͜ͷ࣌ɼS1͸ Lʹ࿈݁ͨ҆͠ఆฏߧ఺ͱͳ
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Δ (ਤ 7B)ɽ




−1 − κϵ −κ






detJS′1 = − (1 + κ)ρ(1 − 2ϵ − 1/κ)









ϵ → 0ͷ࣌ɼୈ 2߲͕ແݶʹൃࢄ͢ΔͨΊʹ detJS′1 → ∞ > 0ͱͳΔɽಉ༷ʹୈ 3߲͕ෛͷແݶେ
ʹൃࢄ͢ΔͨΊʹ trJS′1 → −∞ < 0ͱͳΔɽ͕ͨͬͯ͠ɼS1͸αυϧͱͳΔ (ਤ 7Aɼ7C–7E)ɽ
Q1(0, δ1)ͷ҆ఆੑղੳ




1 − κδ1 0






λ1 = 1 − κδ1,




͕ͨͬͯ͠ɼδ1 > 1/κͷ࣌͸ λ1 < 0ɼδ1 = 1/κͷ࣌͸ λ1 = 0ɼδ1 < 1/κͷ࣌͸ λ1 > 0ͱͳΔҰํɼ




{(2 − D) − δ1(4 − D)}.
Αͬͯɼࣜ (50)ΑΓ λ2 > 0ͱͳΔ. Ҏ্ΑΓɼQ1͸ෆ҆ఆฏߧ఺ͱͳΔ (ਤ 7Aɼ7C–7E)ɽ
Q2(0, δ2)ͷ҆ఆੑ








ϠίϏߦྻΑΓ λ1 = 1 − κ ͔ͭ λ2 = −ρ < 0Ͱ͋Δ͜ͱ͕෼͔Δɽ͕ͨͬͯ͠ɼ1/κ < 1ͷ࣌͸
λ1 < 0ɼ1/κ = 1ͷ࣌͸ λ1 = 0ɼ1/κ > 1ͷ࣌͸ λ1 > 0ͱͳΔɽҎ্ΑΓɼ1/κ ≤ 1ͷ࣌ɼQ2͸҆ఆ





1 − κδ2 0






λ1 = 1 − κδ2),





{(2 − D) − δ2(4 − D)} < 0.
͜͜ͰɼQ1ͷ৔߹ͱಉ༷ʹࣜ (48)ͱ (51)Λ༻͍Δɽ͢Δͱɼδ2 < 1/κͷ࣌͸ λ1 > 0ʹͳΔͨΊɼ
Q2͸αυϧͰ͋Δ (ਤ 7A, 7C, 7E)ɽ൓ରʹ δ2 ≥ 1/κͷ࣌͸ λ1 ≤ 0ͱͳΔͨΊɼQ2͸҆ఆฏߧ఺
Ͱ͋Δ (ਤ 7D)ɽ
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S2(x˜S 2 , y˜S 2)ͷ҆ఆੑ




−x˜S 2 −κx˜S 2







detJS2 = −x˜S 2
{





− ρx˜S 2 y˜S 2 ,
= −ρx˜S 2
{
(1 − 2y˜S 2 − 1/κx˜S 2 ) −
D
2
(1 − y˜S 2 − 1/κx˜S 2 )
}






(1 − y˜S 2 − 1/κx˜S 2 )
}
− ρx˜S 2 y˜S 2 ,
= −2 − D
2
ρ(1 − 1/κ)x˜S 2 .
͜͜Ͱมܗʹ͸ࣜ (10)Λ༻͍ͨɽ͜ͷ࣌ɼฏߧ఺ S2͕ଘࡏ͢ΔͨΊ κ > 1Ͱ͋ΓɼCCϞσϧͷ
ԾఆʹΑΓ D < 2Ͱ͋ΔͨΊɼdetJS2 < 0Ͱ͋Δ͜ͱ͕෼͔ΔɽҎ্ΑΓɼ JS2 ͸αυϧͰ͋Δɽ
L(xL, yL)ͷ҆ఆੑ
κ = 1͔ͭ β = 0ͷ࣌ (ද 2(c)ɼਤ 7B))ɼฏߧ఺ͷू߹Ͱ͋Δ L͕ଘࡏ͢ΔɽL͸ҎԼͷࣜͰද
͞ΕΔ:











λ2 = −(x˜L + ρy˜L).




ୈ 2ষͷਤ 8Ͱ͸มҟࡉ๔ͷ૿৩཰͕ਖ਼ৗࡉ๔ͷ΋ͷʹൺ΂ͯখ͍͞৔߹ (ry = 0.085 < rx = 0.1)
ͷ݁ՌΛɼຊষͷਤ 27Ͱ͸ਖ਼ৗࡉ๔ͱมҟࡉ๔ͷ૿৩཰͕౳͍͠৔߹ (rx = ry = 0.1)ͷ݁ՌΛͦ
ΕͧΕࣔͨ͠ɽ͜ͷܥʹ͓͍ͯ͸ɼมҟࡉ๔ͷ૿৩཰͕ਖ਼ৗࡉ๔ͷ΋ͷΑΓେ͖͍৔߹Ͱ͑͞ɼࡉ
๔ڝ߹ͷF ʹ͸Өڹ͠ͳ͍ɽ͜ͷܥʹؔͯ͠͸ɼมҟࡉ๔ͷഉআ཰ by΋ಉ༷ʹF ʹରͯ͠Өڹ
͠ͳ͍ɽͨͩ͠ɼͦΕͧΕͷࡉ๔ʹؔ͢Δ؀ڥऩ༰ྗʹࠩͷͳ͍͜ΕΒͷܥʹ͓͍ͯഉআΛ཈੍͢




ͷ͔ΛܾΊΔᮢ஋ bycʹӨڹΛ͠ͳ͍ɽ͔͠͠ɼF ͸ rx ͔Βۇ͔ʹӨڹΛड͚Δɽਤ 28ʹ਺஋
ܭࢉʹΑͬͯࢉग़ͨ͠ rx ͷ BS 1 ͱ BQ2 ʹର͢ΔӨڹΛࣔ͢ɽrx = ry = 0.1ͷ࣌ (ਤ 28A)ʹൺ΂ɼ
rx = 0.2 > (ry = 0.1)ͷ࣌ (ਤ 28B)͸ BS 1 ʹର͢Δ BQ2 ͷྖҬ (= F )͕૿Ճ͍ͯ͠Δ͜ͱ͕෼͔
Δɽ͜Ε͸ਖ਼ৗࡉ๔ͷ૿৩཰͕େ͖͘ͳΔ΄Ͳɼมҟࡉ๔Λ׬શʹۦஞ͢Δ͜ͱ͕Ͱ͖Δॳظ஋
͕૿Ճ͍ͯ͠Δ͜ͱΛҙຯ͍ͯ͠Δɽ͜ͷޮՌ͸ਤ 28Bʹ͓͍ͯ rx/ry = 2 (ΞελϦεΫ)ʹൺ΂
rx/ry = 10 (ेࣈ)ͷF ͕ৗʹେ͖͍͜ͱ͔Β΋֬ೝ͢Δ͜ͱ͕Ͱ͖Δɽ
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ਤ 27: ਖ਼ৗࡉ๔ͱมҟࡉ๔ͷ૿৩཰͕౳͍͠ܥɽCCϞσϧʹ͓͍ͯ rx = ry = 0.1ͱͨ͠ɽͦͷ
ଞͷύϥϝʔλʹؔͯ͠͸ਤ 8A–Cͱ౳͘͠ઃఆͨ͠ɽA૬ฏ໘ਤɽઢ bͱ c͸ॳظ஋ΛͦΕ
ͧΕ (x0, y0)=(1000, 500)ɼ(2000, 2000)ͱͨ࣌͠ͷղيಓΛද͍ͯ͠ΔɽB, Cيಓ (b)ͱ (c)ʹ
͓͚ΔͦΕͧΕͷࡉ๔਺ͷ࣌ؒมԽɽ
S7 มҟࡉ๔ YͰߏ੒͞Εͨ૊৫ʹ͓͚Δࡉ๔ڝ߹









= rx(1 − x + axyKx )x,
dy
dt




ͱ͕෼͔Δɽ͔͠͠ɼมҟࡉ๔ͷ׬શͳۦஞͷͨΊʹ͸ൃੜඞཁͳ࣌ؒ (∼ 120 h)ʹൺ΂ͯɼ๲େ
88
!"






















































































































































































































































































































































































































































































͸ AͰ͸ rx = 0.1ɼBͰ͸ rx = 0.2ͱ͠ɼଞͷύϥϝʔλ͸ ry = 0.1, ax = ay = 1, Kx = 50, 000,
Ky = 60, 000, by = 1.5, D = 1ʹઃఆͨ͠ɽจݙ [32]ΑΓసࡌ
ͳ࣌ؒ (∼ 1200 h)͕ඞཁͰ͋Δ͜ͱʹ஫ҙ͕ඞཁͰ͋Δɽਤ 29CΛ஫ҙਂ͘ݟΔͱɼ૊৫αΠζ
(= x+ y;྘ͷઢ)ʹ͸ 2ஈ֊ͷఀ଺͕͋Δͷ͕෼͔ΔɽҰͭ໨͸ 120h෇ۙͰ͋Γɼೋͭ໨͸ 1200h
෇ۙͰ͋Δɽγϣ΢δϣ΢όΤͷ࣮ݧܥʹ͓͍ͯɼ૊৫͕ਖ਼ৗͳαΠζʹ౸ୡͨ࣌͠ɼཧ࿦తͳ࠷
ऴঢ়ଶʹ౸ୡ͢Δ͜ͱͳ͘ᥳԽʹΑͬͯ૊৫ͷൃੜ͸ࢭ·Δ͜ͱ͕؍࡯͞Ε͍ͯΔ [6]ɽ2͕ͨͬ͠






(a) ਖ਼ৗࡉ๔ (X)ΛΑΓ૿৩ͷ஗͍มҟࡉ๔ (Y)Ͱߏ੒͞Εͨ૊৫ʹಋೖ͢Δ






(c) ਖ਼ৗࡉ๔ (X)ΛΑΓ૿৩ͷ஗͍มҟࡉ๔ (Y)Ͱߏ੒͞Εͨ૊৫ʹಋೖ͠ɼഉআΛ཈੍͢Δ
(d) ਖ਼ৗࡉ๔ (X′)Λਖ਼ৗࡉ๔ (X)Ͱߏ੒͞Εͨ૊৫ʹಋೖ͢Δ
ཧ࿦తʹܾఆͨ͠૊৫׬੒ͷλΠϛϯάʹ͓͍ͯɼಋೖͨ͠ࡉ๔ूஂͷࡉ๔਺͕࠷΋ଟ͔ͬͨ






























ਤ 29: มҟࡉ๔ Y Ͱߏ੒͞Εͨ૊৫ʹ͓͚Δࡉ๔ڝ߹ (ࣜ (54))ɽB૬ฏ໘ਤɽࡉ͍ઢͱଠ͍ઢ
͸ॳظ஋ΛͦΕͧΕ (x0, y0)=(100, 1000)ɼ(100, 100)ͱͨ࣌͠ͷղيಓΛද͍ͯ͠ΔɽC, Dॳظ
஋Λ (x0, y0)=(100, 1000)ͱͨ࣌͠ͷղͷ࣌ؒൃలɽC௨ৗͷάϥϑɼD͸ยର਺άϥϑͰ͋Δɽ
ύϥϝʔλ͸ rx = 0.1, ry = 0.085, ax = ay = 1, Kx = Ky = 50, 000, by = 0.5, D = 1ʹઃఆͨ͠ɽจ
ݙ [32]ΑΓసࡌɽ
ୈ 2ষʹ͓͚Δ Table1Ͱ͸Myc௿ൃݱࡉ๔ Y͕Mycߴൃݱࡉ๔ Xʹғ·Ε͍ͯΔঢ়گΛ (c)ʹ
෼ྨͨ͠ɽ͔͠͠ɼMycܥͷ୅දతͳ࣮ݧܥͰ͸ X͕ Yʹғ·Ε͍ͯΔͨΊɼݫີʹ͸ࣜ (54)Λ
༻͍Δ΂͖Ͱ͋Δɽৄࡉͳղੳʹؔͯ͠͸ຊ࿦จͷٞ࿦ͷର৅֎ͱͨ͠ɽ
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ਤ 30: ૊৫αΠζͷ੒௕͕ఀ଺ͨ࣌͠ͷಋೖͨ͠ࡉ๔ूஂͷࡉ๔਺ɽAਖ਼ৗࡉ๔ (X)ΛΑΓ૿
৩ͷ஗͍มҟࡉ๔ (Y)Ͱߏ੒͞Εͨ૊৫ʹಋೖ͢Δ (by = 0.5)ɽBมҟࡉ๔ (Y ′)Λมҟࡉ๔ (Y)
Ͱߏ੒͞Εͨ૊৫ʹಋೖ͢Δ (౰વɼมҟࡉ๔ͷഉআ͸ൃੜ͠ͳ͍ (by = 0))ɽCਖ਼ৗࡉ๔ (X)Λ
ΑΓ૿৩ͷ஗͍มҟࡉ๔ (Y)Ͱߏ੒͞Εͨ૊৫ʹಋೖ͠ɼഉআΛ཈੍͢Δ (by = 0)ɽDਖ਼ৗࡉ๔
(X′) Λਖ਼ৗࡉ๔ (X)Ͱߏ੒͞Εͨ૊৫ʹಋೖ͢Δ (by = 0)ɽॳظࡉ๔਺͸ (಺ଆ (ಋೖࡉ๔), ֎
ଆ)=(100, 1000)ͱͨ͠ɽύϥϝʔλ͸ Xͱ X′ʹ͍ͭͯ͸ rx = 0.1ɼYͱ Y ′ʹ͍ͭͯ͸ ry = 0.085
ͱͨ͠ɽଞͷύϥϝʔλ͸ ax = ay = 1, Kx = Ky = 50, 000, D = 1ʹઃఆͨ͠ɽ૊৫αΠζ͸ͦΕ
ͧΕ (AɼC) x + axyɼ(B) y′ + axyɼ(D) x + axxͰࢉग़ͨ͠ɽ૊৫αΠζͷ੒௕͕ఀ଺ͨ͠λΠϛ
ϯά͸ࡉ๔ͷ૿Ճ཰͕ 1෼͋ͨΓ 0.5ΛԼճͬͨ࣌ͱఆٛ͠ɼനؙͰࣔͨ͠ɽ૊৫αΠζͷ੒௕












= rzz − dyz − audy(z + u) + duzu + Td, (55)
du
dt
= audy(z + u) − dyu − duzu + Td, (56)




Λ׆ੑԽͤ͞Δɽ͕ͨͬͯ͠ɼ୯Ґ࣌ؒ͋ͨΓͷࢮࡉ๔ͷ਺ dyz+ dyuʹൺྫఆ਺ auͰൺྫͨ͠਺
ͷෆ׆ੑࡉ๔ Z͕׆ੑࡉ๔UʹมԽ͢Δɽ͜ͷ׆ੑԽ͸ࣜ (55)ͷୈ 3߲ͱࣜ (56)ͷୈ 1߲ͰͦΕ
ͧΕهड़͍ͯ͠Δɽ׆ੑԽͨ͠ࡉ๔͸ɼࡉ๔਺ uʹൺྫͯ͠ɼ୯Ґ࣌ؒ͋ͨΓ duzͷׂ߹Ͱෆ׆ੑ
ࡉ๔ʹ໭Δɽ͜ͷෆ׆ੑԽʹ͍ͭͯ͸ࣜ (55)ͷୈ 4߲ͱࣜ (56)ͷୈ 3߲Ͱදͨ͠ɽ
্ड़ͷΑ͏ʹෆ׆ੑԽࡉ๔ͷ૿৩཰͸ rzͰ͋Δɽ׆ੑԽࡉ๔͸ෆ׆ੑԽࡉ๔ʹൺ΂ͯ૿৩཰͕




๔΁ͱ෼྾͢Δ (ਤ 32C)ͷࡾͭͰ͋ΔɽͦΕͧΕͷ෼ྨʹ͓͚Δ߲ TdΛҎԼʹड़΂Δɽ
׆ੑԽࡉ๔͕ೋͭͷෆ׆ੑԽࡉ๔ʹ෼྾͢Δ࣌ ((a);ਤ 32A)ɼzͱ uͷಈଶ͸ҎԼͷΑ͏ʹॻ͘
͜ͱ͕Ͱ͖Δ:
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ਤ 31: जᙾݪੑࡉ๔Ͱߏ੒͞Εͨ૊৫ʹ͓͚Δ୅ঈੑ૿৩ɽAࡉ๔ࢮ͸पғͷෆ׆ੑԽࡉ๔ Z
Λ׆ੑԽࡉ๔U΁ͱมԽͤ͞ΔɽB TdΛআ͍ͨঢ়ଶભҠਤɽόπ͸ࡉ๔ࢮΛද͢ɽจݙ [44]Α
Γసࡌɽ




= rzz − dyz − audy(z + u) + duzu + 2ruu, (57)
du
dt
= audy(z + u) − dyu − duzu − ruu, (58)
͜͜Ͱ ru (> rz = ry)͸ࡉ๔Uͷ૿৩཰Λද͢ɽͨͩ͠ɼ෼྾ͨ͠ࡉ๔Uͷೋͭͷ່ࡉ๔͸ Z΁ͱ
มΘͬͯ͠·͏ͨΊɼU ͷࡉ๔਺͸ݮগ͢Δ͜ͱʹͳΓɼ൓ରʹ Zͷࡉ๔਺͸ഒͷ଎౓Ͱ૿Ճ͠
͍ͯΔɽ





= rzz − dyz − audy(z + u) + duzu, (59)
du
dt
= aud(z + u) − dyu − duzu + ruu, (60)
͜͜Ͱɼu͸ ruʹൺྫͯ͠૿Ճ͍ͯ͠Δɽ(b)ͷ৔߹ɼࣜ (59)ʹ Td ͷ߲͸ଘࡏ͠ͳ͍ɽ͜Ε͸ Z
ͷಈଶ͕׆ੑԽࡉ๔ͷࡉ๔෼྾ͱಠཱͰ͋ΔͨΊͰ͋Δɽ




= rzz − dyz − audy(z + u) + duzu + ruu, (61)
du
dt








= rz(y − u) − dyy + ruu, (63)
du
dt
= audyy − duu, (64)
͜͜Ͱ y (≥ u)͸มҟࡉ๔ͷ૯ࡉ๔਺Ͱ͋Δɽࣜ (63)͸ಉҰͷܗͰҟͳΔ (a-c)ͷ৔߹ʹ͍ͭͯද
͢͜ͱ͕Ͱ͖ΔɽҰํɼࣜ (64)΋ಉ༷ʹࡾͭͷܗΛද͢͜ͱ͕Ͱ͖Δ͕ɼ͜ͷ࣌ύϥϝʔλ duͷ
ҙຯ͕ҟͳΔ͜ͱʹ஫ҙ͕ඞཁͰ͋Δ (ද 4)ɽ͜ͷ࣌ɼduͱ duzͷؔ܎͸ duʹ͍ͭͯͷࣜͱؔ܎
ࣜ dy < ry = ruΑΓͦΕͧΕܾ·Δɽ
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ද 4: (a-c)ͷ৔߹ʹ͓͚Δ du
No. du duͱ duzͷؔ܎ࣜ
(a) du = duz + dy + ru du > duz
(b) du = duz + dy − ru du < duz
(c) du = duz + dy du > duz
S9 ॖ໿ܕCDIPϞσϧͷ҆ఆੑղੳ






















2 −1(1 − x˜ − y˜)
















CCϞσϧͷ΋ͷͱಉ༷ʹɼϠίϏߦྻ J΋ y˜D/2−1ͷ߲ΛؚΉͨͨΊʹɼy˜ = 0ͷ࣌ʹఆٛ͢Δ
͜ͱ͕Ͱ͖ͳ͍ɽͦ͜Ͱɼฏߧ఺ S0(0, 0)ͷۙ๣ʹ͋Δ఺ S′0(0, ϵ)Λఆٛ͢Δ͜ͱͰ S0෇ۙͷڍ
ಈΛղੳͨ͠ (ϵ ≈ +0)ɽࣜ (65)ΑΓɼS′0ʹ͓͚ΔϠίϏߦྻ͸ҎԼͷΑ͏ʹఆٛ͞ΕΔ:
JS′0 =
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝













2 −1(1 − ϵ)



























ϵ → 0ͷ࣌ɼ λ1 → 1 > 0ͱͳΔɽλ2 ͷਖ਼ෛΛٻΊΔͨΊʹ͸ɼβw ͱ ρw ͷؔ܎Λߟ͑Δඞཁ͕
͋Δɽϵ → 0͔ͭ βw ≤ ρw ͷ࣌ɼλ2 > 0ͱͳΔɽ͕ͨͬͯ͠ɼS0 ͸ෆ҆ఆฏߧ఺Ͱ͋ΔɽҰํɼ
ϵ → 0͔ͭ βw > ρwͷ࣌ɼλ2 → −∞ < 0ͱͳΔɽ͕ͨͬͯ͠ɼS0͸αυϧͱͳΔɽ
S9.2 S1(1, 0)ͷ҆ఆੑ












2 ) − ρv δD2βv ϵ
D
2


























ϵ → 0ͷ࣌ɼ λ1 → −1 < 0ͱͳΔɽλ2ͷਖ਼ෛΛٻΊΔͨΊʹ͸ɼβwͱ ρwͷؔ܎Λߟ͑Δඞཁ͕
͋Δɽϵ → 0͔ͭ βw ≤ ρwͷ࣌ɼλ2 > 0ͱͳΔɽ͕ͨͬͯ͠ɼS1͸αυϧͰ͋ΔɽҰํɼϵ → 0͔
ͭ βw > ρwͷ࣌ɼλ2 → −∞ < 0ͱͳΔɽ͕ͨͬͯ͠ɼS0͸҆ఆฏߧ఺ͱͳΔɽ
S9.3 S2(1 − y˜S, y˜S)ͷ҆ఆੑ





































































w ≃ y. (66)
ͱ͍͏ۙࣅ͕੒ཱ͢Δɽࣗવͱ͜ͷঢ়گͰ͸ࡉ๔ U ͸͘͝গ਺ͱͳΔͨΊɼw ≪ u ≃ 0ͱ͍͏ؔ




= (ry − dy)y + (ryw − ry)y − byyD2 ,
















͜ͷ y˜SΛ༻͍ͯɼ§3.3.4Ͱ͸ॖ໿ܕ CDIP’ϞσϧͷF Λࢉग़ͨ͠ɽ
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